Procedure  Charts 


Volume  r-  Readability 


AD-A257  234 

*  *  iiMi  iim  mil  mil  mil  llll  llll 


0 


^0 


DTIC 

ELECTE 
OCT  2  9  1992 


COCKPIT  HF  PROGRAM 


C 


for 


Best  Available  Copy 


M.  S'ephcn  l-iiinUey,  Jr. 

CocKpil  HuiT|aP  Analysis  Dlvisjon, 

SeD'rt^nvSSrtatioTsSfSl^^li''  “■ ' 

?:i;^SSr:aifla4or«io;^y^ems.Cen,er 

Carnbridge,  Masi?ctrjsetts,.  .  , 


by 


ifati.lie 

r.05  :<inn  Avenue 
Coin  rJru'".,  Ohio  43201 


Final  Poporl 

August  1992^ 


NOTICE 


This  document  is  disseminated  under  the  sponsorship 
of  the  Department  of  Transportation  in  the  interest 
of  information  exchange.  The  United  States  Government 
assumes  no  liability  for  its  contents  or  use  thereof. 


NOTICE 

The  United  States  Government  does  not  endorse 
products  or  manufacturers.  T rade  or  manufacturers' 
names  appear  herein  solely  because  they  are  considered 
essential  to  the  object  of  this  report. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
MB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the 
time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the  data  needed,  and 
completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters 
Services,  Directorate  for  information  Operations  and  Reports,  1215  Jefferson  Dayis  Highway,  Suite  1204,  Arlington,  VA 


1.  AGENCY  USE  ONLY  (Leave  blank) 


2.  REPORT  DATE 

August  1992 


,  TITLE  AND  SUBTITLE 

Human  Factors  Design  Principles  for  Instrument  Approach 
Procedure  Charts 
Volume  I  -  Readability 


6.  AUTHOR(S) 

Susan  J.  Mangold,  Donald  Eldredge,  Erick  Lauber 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  AODRESS(ES) 

Battelle 

505  King  Avenue 

Columbus,  OH  43201 


9.  SPONSORING/KONITORING  AGENCY  NAHE(S)  AND  ADDRESS(ES) 
U.S.  Department  of  Transportation 
Federal  Aviation  Administration 
Research  and  Development  Service 
Washington,  DC  20591 


3.  REPORT  TYPE  AND  DATES  COVERED 
Final  Report 


5.  FUNDING  NUMBERS 

A1070/FA1EZ 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

DOT*VNTSC-FAA-92-9 


10.  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 

DOT/FAA-RD- 92/16,1 


12a.  OISTRIBUTION/AVAILABILITY  STATEMENT  12b.  DISTRIBUTION  CODE 

This  document  is  available  to  the  public  through  the  National 
Technical  Information  Service,  Springfield,  VA  22161 


13.  ABSTRACT  (Maximua  200  words) 

This  Handbook  Is  the  first  of  a  scries  of  handbooks  which  address  the  issue  of 
Instrument  Approach  Procedure  (lAP)  chart  Iniprovomont  in  design.  The  intent  is 
twofold:  to  review  relevant  literature  that  wight  be  applicable  to  improving  the 
presentation  of  chart  information  to  support  effective  and  efficient  access  to 
information  by  the  user  and  to  develop  guidance  Information  based  upon  this  rese.arch, 
that  can  be  easily  accos.sed  and  implomonted  by  the  chart  designer.  The  handbook  is 
intended  to  offer  the  cliart  designer  guld.auce  information  that  can  aid  In  developing 
charts  which  clearly  present  a  meaningful  visual  structure. 


14.  SUBJECT  TERMS  IS.  NUMBER  OF  PAGES 

160 

Display  Oewign  Principles,  Hunan  Factors,  Chart  Design,  Haps,  Electronic  Displays,  Cockpit  — — —  — > — 

Displays  16.  PRICE  CODE 


17.  SECURITY  classification  18.  SECURITY  CLASSIFICAttON  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  Of  ABSTRACT 
01  REPORT  OF  THIS  PAGE  Of  ABSTRACT 

Uncl.issif  led  Unclassified  Unclassified 


f  »T  aA'lf  ilnMr  Itiyfi  ■ 

NSN^szirtfnsir? 


Staixiard  form  298  (Rev.  2-89) 
Prescribed  by  ANSI  sid.  239-18 


PREFACE 


This  Handbook  is  the  first  of  a  series  of  handbooks  which  address  the  issue  of 
Instrument  Approach  Procedure  (lAP)  chart  improvement  in  design.  The  intent  is 
twofold:  to  review  relevant  literature  that  might  be  applicable  to  improving  the 
presentation  of  chart  information  to  support  effective  and  efficient  access  to 
information  by  the  user  and  to  develop  guidance  information  based  upon  this 
research,  that  can  be  easily  accessed  and  implemented  by  the  chart  designer.  The 
handbook  is  intended  to  offer  the  chart  designer  guidance  information  that  can 
aid  in  developing  charts  which  clearly  present  a  meaningful  visual  structure. 


\ 


i 


tii 


•t  10  28  044 


METRIOENGLISH  CONVERSION  FACTORS 


ENGLISH  TO  METRIC 

LENGTH  (APPROXIMATE) 

1  inch  (in.)  =  2.5  centimeters  (cm) 
1  foot  (ft)  =  30  centimeters  (cm) 
1  yard  (yd)  =0.9  meter  (m) 

1  mile  (mi)  =  1.6  kilometers  (km) 


AREA  (APPROXIMATE) 

1  square  inch  (sq  in,  in^)  =  6.5  square  centimeters  (cm^) 
1  square  foot  (sq  ft,  ft^)  =  0,09  square  meter  (m2) 

1  square  yard  (sq  yd,  yd*)  =  0.8  square  meter  (m*) 

1  square  mile  (sq  mi,  mi*)  =  2.6  square  kilometers  (km*) 
lacre  =  O.A  hectares  (he)  =  4,000  square  meters  (m*) 

MASS  -  WEIGHT  (APPROXIMATE) 

1  ounce  (ot)  =  28  grams  (gr) 

1  pound  (lb)  =  .43  kilogram  (kg) 

1  short  ton  =  2.000  pounds  (lb)  =>  0.9  tonne  (t) 

VOLUME  (APPROXIMATE) 
t  teaspoon  (tsp)  ■  5  milliliters  (ml) 

UaWespoon  (tbsp)  =  IS  milliliters  (ml) 

1  fluid  ounce  (fl  ot)  =  30  milliliters  (ml) 
tcuptc)  ■  0,24  liter  (I) 

?pint{pt|  «  0.47  liter  (I) 
t  quart  (qt)  <»  0.96  liter  (I) 
igaHortfgai)  •  3.8  liters  (1) 

1  cubic  foot  (cu  ft.  ft*)  c  0.03  cubic  meter  (ml) 

1  eubkyard(cuyd,y«i|iy  »  076  cubic  meter  (ml) 

tEMPERATURa  (EXACT) 

1(k02)<5/9)}*F  «  yX 


METRICTO  ENGLISH 

LENGTH  (APPROXIMATE) 

1  millimeter  (mm)  =  0.04  inch  (in) 

1  centitneter(cm)  =  0.4  inch  (in) 

Imeter(m)  =  3.3feet(ft) 

Imeter(m)  =  l.lyards(yd) 

1  kilometer  (km)  =  0.6  mile  (mi) 

AREA  (APPROXIMATE) 

1  square  centimeter  (cm*)  =  0.16  square  inch  (sq  in,  in*) 

1  square  meter  (m*)  =  1 .2  square  yards  (sq  yd,  yd*) 
1  square  kilometer  (kn*)  =  0.4  square  mile  (sq  mi,  mi*) 

1  hectare  (he)  =  10,000  square  meters  (m*)  =  2.5  acres 

MASS  -  WEIGHT  (approximate) 

1  gram  (gr)  =  0.036  ounce  (oz) 

1  kilogram  (kg)  =  2.2  pounds  (lb) 

1  tonne  (t)  =  1,000  kilograms  (kg)  =  1,1  short  tons 

VOLUME  (APPROXIMATE) 

1  milliliter  (ml)  »  0  03  fluid  ounce  (fioz) 

1  liter  (I)  =  2,1  pints  (pt) 

1  liter  (1)  B  1.06  quarts  (qt) 
lliter(l)  >  0.26 galloo (gal) 

Uubit  meter  (ml)  «  36  cubic  feet  (cu  ft,  fti) 

1  cubic  meter  (ml)  a  1.3  cubic  yards  (cu  yd.  ydi) 


TEMPERATURE  (EXACT) 
|(9fS)y  ♦  321*C  -  x*F 


QUICK  INCH-CENTIMETER  LENGTH  CONVERSION 


PiO-SS 

8  I  J 

. -1- . -  -i . 

.....J . .  .  t 

S  4  r 

. 1  -  1  1 

1 

_  ! 

t  ID 

. ! . 

UNllMCttU 

D  S  J  1  4  S  « 

1  4  J  ID  II 

IJ  IJ  14  IS  It  11  ID 

It  ID  Ji 

JJ  Jl  J4  Jt 

QUICK fAHRENHElT-CEI  SIUS  TEMPERATURE  CONVERSION 

■M*  -Ji*  -•*  M*  Si*  «*  41*  M*  IC»*  Ij!*  n«*  111*  ir**  114*  }<i* 


>M*  ‘ID*  IS*  (0*  JO*  10*  **•  so*  40*  »*  40*  tfl*  <to* 


For  more  exact  and  or  other  conversion  factors,  leeuas  MiucHaneoui  Publication  286.  Units  of  Weights  and 
h’  isures,  Ptice52.S0  SOCatilogKo.CU  10286. 


TABLE  OF  CONTENTS 


SectiQD  Page 

1.  INTRODUCTION . 1 

1.1  Objectives  and  Structure  of  the  Handbk.?k . 1 

1.2  Caveats  . 3 

2.  DISPLAY  IMAGE  QUALITY . 5 

2.1  Overview  of  Chiypter  2  . . . 5 

2.2  The  User,  The  Display  Medium,  and  the  Environment  . 8 

2.2.1  Visual  System  Considerations . 8 

2.2. 1.1  Spatial  Vision  . c9 

2.2. 1.2  Temporal  Vision . 11 

2.2. 1.3  Chromatic  Vision . 12 

2.2.2  Display  Medium  Considerations . 13 

2.2.3  Environment  Ccmsiderations . 13 

2.3  Characteristics  of  P^ier,  CRT,  and  LCD  Displays . 14 

2.3.1  Paper  Displays . . . 14 

2.3.2  The  Cathode  Ray  Tube  (CRT) .  . . 15 

2.3.3  The  Liquid  Crystal  Disf^y  (LCD) . 16 

2.4  Environmental  Assumptions  . . 17 

2.5  Spatial  Vision . id 

2.5.1  Resolution  (Paper,  CRT,  LCD) . 19 

2.5.2  Luminance  ^CRT,  LCD) . 20 

2.5.3  Luminance  Contrast  and  Contrast  Ratio 

(Paper,  CRT,  LCD) . 24 

2.5.3. 1  Electronic  Displays . 24 

2.5.3.2  Paper  Displays . 26 

2.5.4  Luminance  Uniformity  (CRT,  LCD) . 27 

2.5.5  Contrast  Dircction/Contiast  Polarity 

(Paper,  CRT,  LCD) . 28 


V 


TABLE  OF  CONTENTS  (cont.) 


2.5.5. 1  Electronic  Displays . 28 

2.5.5.2  Paper  Di^lays . 29 

2.5.6  Convergence  and  Focus  (CRT) . 29 

2.5.7  Symbol  Alignmwit  (CRT,  LCD)  . 30 

2.5.8  Defects  and  line  Failures  (CRT) . 31 

2.5.9  Anti-Aliasing  and  Shades  of  Gray  (CRT,  LCD) . 32 

2.5.10  Viewing  Angle  (CRT,  LCD) . 33 

2.6  Temporal  Visiwi . 34 

2.6.1  Flicker  and  Refresh  Rate  (CRT,LCD) . 34 

2.6.2  Jitter  (CRT,  LCD) . 37 

2.7  Chromatic  Vision  (CRT,  LCD) . 38 

2.8  Table  of  Conclusions  and  Summary . 41 

3.  INFORMATION  PRESENTATION  REQUIREMENTS  FOR  lAP  CHARTS  ...  45 

3.1  Overview  of  Chapter  3 . 45 

3.1.1  How  to  Use  the  Infrmnation  in  Chapters  3  through  7 . 46 

3.2  The  lAP  Chart  User’s  Task . 46 

3.3  The  lAP  Chart  Designer’s  Tool  Box . 49 

4.  ORIENTING  WITHIN  THE  lAP  CHART  . .,51 

4.1  Overview  of  Chapter  4 . 51 

4.2  The  Visual  Structure  of  an  lAP  Chart . 55 

4.3  Specifying  Parts . 58 

4.3.1  Distinctive  Visual  Appearance . 60 

4.3.2  Standard  Location . 60 

4.3.3  Methods  for  Defining  Boundaries . 60 

4.4  Specifying  ^daiionships . .  .  61 

4.4.1  Same  Hieraichical  Level,  Same  Location . 64 

vi 


TABLE  OF  CONTENTS  (cont.) 


4.4.1. 1  Proximity . 64 

4.4.1.2  Bounding . 65 

4.4.2  Same  Hierarchical  Level,  Different  Location  .  . . 65 

4.4.2. 1  Similarity . 66 

4.4.2.2  Pointing . 66 

4.4.2.3  -Leading" . 68 

4.4.3  Different  Levels,  Same  Location . 68 

4.4.3. 1  Contrast . 69 

4.4.3.2  Interposition . 73 

4.4.4  Different  Levels,  Different  Locations  . 74 

4.5  Summary . 75 

5.  SEARCH  AND  LEGlBILTrY . . . 77 

5. 1  Overview  of  Chapter  5 . 77 

5.2  Control  of  Bye  Movements  During  Search . 78 

5.3  Font  Characteristic  Toob  . . . . . 79 

5.3.1  Typeface . 80 

5.3.2  Font  Size  . 83 

5.3.3  Typeface  Space  Eeonwny  . . 89 

5.3.4  Piopoitions . . . . . 90 

5.3.4. 1  Character  Strote-to-HeJght  Ratio  . . . 90 

5.3.4.2  Variation  in  Stroke  Width . 90 

5.3.4.3  Stroke  Width  or  TVpcfacc  Weight . 91 

5.3.4.4  RaUo  of  to  Overall 

Letter  Height . 91 

5.3.5  Individual  Character  ConfusioTiS  . 92 

5.3.6  Type  Case . 95 

5.3.7  IntcT'Character  Spacing . 96 


vii 


TABLE  OF  CONTENTS  (cont.) 


5.3.8  Leading  . 97 

5.3.9  Rotated  Type . 98 

5.3.10  Type/Background  Contrast . 98 

5.4  Symbol  Characteristics  Tools . 98 

5.4.1  Symbol  Shape . 100 

5.4. 1.1  Simplicity  of  Shape . 101 

5.4. 1.2  Distinctive  Global  Shape .  102 

5.4. 1.3  Simple  Local  Features .  103 

5.4.1.4  Strong  Figure/Ground  Relationship  .  104 

5.4.2  Symbol  Size . 104 

5.4.3  Symbols  and  Color  . 105 

5.4.4  Achieving  Symbol  Legibility . 106 

5.5  Summary  . 106 

6.  SEARCH  AND  PBRIPHti.<AL  VISION . 107 

6.1  Overview  of  Chapter  6 . 107 

6.2  Infmmalion  HigIdighUng  Tools . lOS 

6.2. 1  Highlighting  through  Brightness . 108 

6.2.2  Highlighting  through  Bolding  . . . 108 

6.2.3  Highlighting  through  Reverse  Video . 109 

6.2.4  Highlighting  through  Blinking . 110 

6.2.5  Highlighting  Utrough  Underlinutg  . . 110 

6.2.6  Highlighting  through  Boxing . 110 

6.2.7  Limitations  of  Higidighting . Ill 

6.3  Information  Coding  Tools . 112 

6.3,1  Color  Cdding . 112 

6.3. 1.1  Color  Coding  and  Display  Segmentation .  113 

6.3. 1.2  Color  Cixling  and  Visual  Search . 114 

6.3. 1.3  Color  Coding  Land  Surface  Heights .  117 

6.3. 1.4  Limitations  on  Color  Coding  . .  118 

6.3.1.5  Colors  to  Use . 119 


viii 


TABLE  OF  CONTENTS  (cont.) 


6.3.2  Size  Coding . 123 

6.3.  Sh^  Coding . 123 

6.4  Information  Bounding  Tools . 124 

6.4.1  Reducing  Amount  of  Space  to  be  Searched .  124 

6.4.2  Information  bounding  and  the  use  of  Columns .  125 

6.4.3  Reducing  Inter-Iiem  Interference .  127 

6.4.4  Informatioa  Density  Measures . 128 

6.5  Summary . 129 

7.  EVALUATING  THE  USE  OF  THE  DESIGN  TOOLS .  131 

7.1  Overview  of  Chapter  7 . 131 

7.2  Visual  Balance . 132 

7.3  Information  Density . 133 

7.4  Figure/Ground  and  Contrast . 135 

7.5  A  Final  Word  on  Using  the  Tool  Box . 137 

8.  THE  DESIGN  PRINCIPLES . 140 

REFERENCES . 155 


ix 


LIST  OF  nCLRES 


Figure  1-1.  Example  of  an  NOS  lAP  Chart . 2 

Figure  2-1.  The  CIE  Color  System . 39 

Figure  2-2.  Use  of  the  CIE  Color  System  for  M^ing  Disciiminable  Colors . 40 

Figure  4-1 .  Major  Parts  of  the  NOS  lAP  Chart  . 52 

Figure  4-2.  '^'^pes  of  Formats  used  on  lAP  Charts . 56 

Figure  4-3.  Hierarchy . .57 

Figure  4-4.  Frames . ,59 

Figure  4-5.  Use  of  Boundary  Tools  on  NOS  Charts . 62 

Figure  4-6.  Layering . 63 

Figure  4-7.  The  Use  of  Bounding  oa  NOS  Charts  . ^ 

Figure  4-8.  Use  of  Pointing  to  Specify  a  Missed  Approach  on  an  NOS  Chart . 67 

Figure  4-9.  Specifying  Multiple  Layers  through  Variations  in  Edge  Contrast . 69 

Figure  4-10.  Specifying  Multiple  Layers  through  Variations  in 

Brightness  Contrast . 70 

Figure  4-1 1 .  Brightness  Contrast  used  for  Layering  on  the  Airport  Section  of  an 

NOS  Chart . . . ...  70 

Figure  4-12.  Variations  in  Line  Weight . .  .  72 

Figure  4-13.  Variations  in  Line  Character  . 72 

Figure  4-14.  Varying  Multiple  Layers  through  ittterposition . 73 

Figure  5-1.  Variations  in  Stroke  Width . 82 

Figure  5-2.  Font  Sizes  used  on  NOS  Cliarts . 84 

Figure  5-3.  Measuring  Point  Size . .86 

Figure  54.  Variations  in  Actual  Size  for  Typefaces  having  the  same  Point  Size  .....  86 

Figure  5-5.  Some  Typographic  Terms . 87 

I'igure  S-6.  Perceived  Size  Due  to  x-Height . 87 

Figure  5-7.  Differences  in  Typeface  Spa{»  jEconomy . 89 

Figure  5-8.  Four  Different  Weights  for  the  Same  Typefai '  Helvetica  Condeirsed  ...  91 

figure  5-9,  Condensed  Versus  Regular  Helvetica  . . 92 

Figure  5-10,  Uj^-Versus  Lowercase  Letter  Diseriminabiliiy . . 95 

Figure  5-J  I.  Variations  in  Spacing  Between  Letters . 96 

Figure  5- 1 2.  Loss  of  Contrast  Between  Text  and  background  mi  an  NOS  Chart  . 99 

Figure  5-13.  Comnum  Types  of  Symoois  used  on  lAP  Charts  . .  .  101 

Figure  6-1.  Four  AUemaUve  Radio  Frequency  Layouts 

(from  Multer  el  al.,  1991) . 126 

Figure  7-1.  The  "teeter-loltcr"  Metaphor  of  Visual  Balance . 133 

Figure  7-2.  An  NOS  Chart . 136 


X 


LIST  OF  TABLES 


T^le2-1.  Aerospace  Recommendations  Reviewed  for  CRTs  . 21 

Table  2-2.  Recommendations  for  Mean  Luminance  Values  for  VDT  Workstations  ...  22 

Table  2-3.  Aerospace  Recommendations  for  Screen  Mean  Luminance . 23 

Table  2-4.  Aerospace  Recommendations  Regarding  Luminance  Contrast . 2S 

Table  2-5.  VDT  Recommendations  for  Luminance  Contrast  Values . 26 

Table  2-6.  Aerospace  Recommendations  for  Acceptable  Large  Area 

Non-Uniformities  . 27 

Table  2-7.  VDT  Recommendations  for  Acceptable  Large  Area 

Non-Uniformities  . 28 

Table  2-8.  VDT  Recommendations  for  Contrast  Direction/Polarity . 30 

Table  2-9.  Aerospace  Recommendations  for  Convergence  . 31 

Table  2-10.  Aerospace  Recommendations  for  Symbol  Alignment . 32 

Table  2-11.  Aerospace  Recommendations  for  Viewing  Angle . 34 

Table  2-12.  Aerospace  Recommendations  for  Refresh  Rate  and  Flicker . 35 

Table  2-13.  VDT  Recommendations  for  Refresh  Rate  and  Flicker . 36 

Table  2-14.  Aerospace  Recommendations  for  Allowable  Jitter  (for  CRTs)  37 

Table  2-15.  Summary  of  Conclusions . . . 42 

Table  4-1.  Types  of  Hierarchical  Relations . 64 

Table  5-1.  Common  Methods  for  Assessing  Legibility . 81 

Table  5-2.  Confusable  Characters  . 93 

Table  S-3.  Optimal  Dimension  for  insuring  Maximum 

Disciiminabiiity  of  Simple  Geometric  Shapes  . . . .  .  102 

Table  6-1 .  Two  Examples  of  Reconimcnded  Colors  of  Topogmphic  Maps  .  119 

Table  6-2.  Colors  that  can  be  used  by  Color-blind  Users .  120 

Table  6-3.  Bruce  and  Foster’s  (1982)  Recommendations  on  Text/Background  ....  121 

Table  6-4.  Advisory  Circular  25-11  Color  Coding  Schemes  .  122 

Table  7-1.  Principles  of  Balance . 134 


xi 


EXECUTIVE  SUMMARY 


Instrument  Appniacli  Procedure  GAP)  charts  play  a  critical  role  in  the  safe  and  expeditious  flow 
of  traffic  in  and  out  of  airports.  Althou^  ffieir  value  is  unquestioned,  there  is  continuing  interest 
in  identifying  modifications  tktt  can  be  made  to  these  charts  so  as  to  improve  their  usability  by 
the  pilot  This  Handbook  is  the  first  of  a  series  of  handbooks  which  address  the  issue  of  lAF  chart 
improvement  in  design.  The  intent  of  this  Handbook  is  twofold:  (1)  To  review  the  rdevant 
literature  that  might  be  applicable  to  improving  the  presentation  of  chart  information  to  support 
elective  and  efficient  access  to  infbrmafion  by  the  user;  and  (2)  To  develop  guidance  informa¬ 
tion,  based  upon  this  research,  that  can  be  easily  accessed  and  implemented  by  the  chart  de¬ 
signer. 


The  first  stage  in  tlie  project  involved  performhrg  an  extensive  literature  review  that  «Kom- 
passed  the  fields  of  humaii  factors,  cartography,  psychophysics  and  perception,  reading,  infor¬ 
mation  design,  instmctional  design,  and  graphic  design.  The  outcome  was  a  biblmgraphy  of 
almost  a  thousand  refenmces.  Ihi^  references  were  then  reviewed  and  rdevant  design  informa¬ 
tion  was  extracted. 

This  design  information  was  then  organized  and  synthesized  into  a  coherent  structure  through 
the  use  of  a  metaphor  called  the  "tool  box."  The  tool  box  metaphor  is  intended  to  convey  the  idea 
that  the  chart  desigtier  has  available  a  number  of  design  tools  that  can  be  used  to  embody  infor¬ 
mation  on  a  chart  An  efiectlve  chart  is  the  result  of  the  strategic  and  logical  application  of  these 
tools.  The  major  portion  of  the  Handbook  o^nsists  of  descriptions  of  each  tool,  examples  of  how 
they  nright  be  us^  reviews  of  any  studies  that  have  been  conducted  which  have  idei\tified 
wh^  a  tool  should  or  should  not  be  used,  and  an  explanation  of  the  logic  of  how  that  tool 
should  be  used  to  convey  a  specific  meaning  to  the  chart  user. 

Tire  Handbook  is  intended  to  ofier  the  chart  designer  guidance  information  that  can  aid  in 
devdoping  charts  which  deaily  present  a  meaningful  visual  strudure  To  be  most  effective,  this 
vtual  structure  must  be  based  upon  a  sensible  organizational  logic.  The  development  of  an 
oiganizaiional  logic  involves  looking  the  information  needs  of  the  pilot  and  detemrining 
which  information  dements  are  most  important  which  elemenu.  tend  to  be  used  together,  and 
how  each  infonnation  dement  relates  to  the  other  elements.  Issues  pertaining  to  oiganizaUonal 
logic  dearly  involve  the  cognitive  aspects  of  chart  we.  These  issues  will  be  addressed  in  a  second 
handbook,  currently  being  devdoped. 
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1.  tm-RODUCTION 


1 4  OBJECTIVES  AND  STRUCTURE  OF  THE  HANDBOOK 

Instrument  Approach  Procedure  QAP)  charts  Figure  1-1')  play  a  critical  role  in  the  safe  and 

expeditious  flow  of  traffic  in  and  out  of  airports.  Although  their  value  is  unquestioned,  there  is 
continuing  interest  in  identifying  modifications  that  can  be  made  to  these  ch^  so  as  to 
improve  ^eir  usability  by  the  pilot.  This  Handbook  attempts  to  provide  useful,  research-based 
guidance  information  that  suggests  the  types  of  changes  in  the  visual  presentation  of  lAP  chart 
information  that  can  contribute  to  easier  accessing  and  recognizing  of  information  on  the  dhart. 

The  scope  of  this  Handbook  has  been  constrained  in  several  ways.  First  the  Handbook  is  limited  to 
fadors  that  can  affect  perceptual  interaction  with  the  lAP  chart.  Included  are  issues  of  screen  quality, 
supporting  the  user's  ability  to  visually  orient  on  the  chart  and  easily  find  that  information 
spedtically  of  interest  and  legibility  of  alphanumeric  information.  The  Handbook  does  not 
address  issues  of  a  "cognitive"  nature,  such  as  where  each  type  of  information  should  be 
located  on  the  chart  or  new  ways  of  presenting  infomaation  ^t  might  make  understanding 
the  information  easier  for  the  user.  In  addition,  the  Handbook  assumes  the  use  of  a  "static," 
two<iimenslonal  display.  The  opportunities  provided  by  a  dynamic  display  that  can  change 
the  form  and  types  of  infonnation  presented  in  response  to  user  choices  is  not  considered. 

The  Handbook  consists  of  seven  major  chapters.  Chapter  2  reviews  the  minimum  performance 
requirements  for  adequate  display  quality  of  paper  ~(nd  electroitic  displays  used  to  present  lAP 
ch^.  Topics  that  are  covered  include  requit^  luminance  levels,  flicker  and  rehesh  rates,  and 
viewing  angle. 

Chapters  3  through  7  provide  guidance  on  how  to  present  approach-plate  infonnation  in  order 
to  support  the  user's  accessing  tlat  Infomvitlon  and  correctly  reading  it  Chapter  3  sets  the 
stage  by  looking  at  how  users  perceptually  interact  witli  lAP  charts,  suggesting  that  two  stages 
are  involved.  Fust,  the  user  must  orient  within  the  chart  so  as  to  fhtd  that  part  of  tl chart  most 
likely  to  contain  the  infonnation  that  is  needed.  Orienting  is  titen  followed  by  a  search  process 
that  enables  the  user  to  find,  witltin  that  part  of  the  chart,  the  desired  iiVonnaUon.  Chapters  4, 

5  and  6  then  describe  tlie  design  tools  tliat  are  available  to  the  lAP  chart  designer  to  support 
each  process. 

Each  application  of  a  design  tool  must  be  assessed  both  in  temrs  of  how  it  supports  the  orienting 
or  seai^  process  and  the  overall  usability  of  the  clrart  Chapter  7  offers  some  general  criteria  that 
can  be  us^  to  ensure  tlrat  all  of  tire  visual  elements  presented  on  the  lAP  chart  work  together  to 
produce  a  coherent  and  visually  organized  whole.  Finally,  all  of  the  design  guidance  pi^(^ 
are  listed  in  an  Appendix. 


*  The  NC®  charts  displayed  in  this  Handbook  were  coastructcd  using  a  Madnlosh  computer.  Every  effort 
was  made  to  duplicate  actual  NCB  charts  to  the  extent  possible.  However,  sonre  differences  rem^,  for 
example,  in  the  typeface  used.  These  differences,  l(Owcv(»',  do  not  impact  the  utility  of  the  Madnto^ 
charts  in  dcinonstrating  poitrts  of  discussioa 
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CAVEATS 


Although  Hups  and  charts  of  all  kinds  are  a  common  part  of  our  lives,  surprisingly  little  is 
known  about  the  perceptual  arid  cognitive  processes  that  determine  how  easy  ntaps  are  to  use 
(Taylor  k  Hopkin,  1975).  Maps  are  a  unique  form  of  visual  information  display  awi,  in  theory, 
the  vast  amount  of  mformation  about  how  to  design  effective  displays,  developed  through  the 
efforts  of  human  factors  researchers  ai\d  user-computer  interface  designers,  slwuld  apply. 
Similarly,  maps  are  a  form  of  printed  material  and  what  we  Imow  about  effective  tyjwgraphic 
and  page  layout  design  also  should  apply. 

Although  visual  displays  arvi  printed  material  are  two  wdl-researched  areas  of  information 
presentation,  surprisingly  little  attention  has  been  devoted  to  maps  themselves.  Maps  are 
clearly  a  complex  form  of  information  presentatioa  For  this  reason,  coiKem  has  be^  ex¬ 
press^  as  to  the  applkabUity  of  resear^  results  that  have  been  obtaiired  in  the  related  do¬ 
mains  of  visual  information  displays  and  printed  media.  Two  of  the  leading  experts  in  aviation 
maps  aixi  charts  express  this  concern: 

The  contribution  of  ergonomics  to  solving  this  problem  [of  map  overcrowding 
and  lack  of  legibility]  has  been  small.  Although  ergonomic  textbooks  and 
handbooks  provide  many  recommeiulations  on  the  contents,  layout  and  coding 
of  displayed  mformation.  It  is  not  immediately  obvious  how  far  such  recom¬ 
mendations  apply  to  maps.  Perhaps  large  scale  topographical  maps  are  so 
complex  as  information  displays  that  standard  ergotromic  findings  do  not 
remain  valid  for  them  (Taylor  k  Hopkin,  1975,  p.  197). 

To  complicate  matters  further,  lAP  charts  are  a  unique  type  of  map,  differing  in  important 
ways  fiom  other  types  of  maps.  lAP  charts  differ  structurally  fiom  road  maps  and  atlases  in 
that  they  consist  not  only  of  the  "map  part"  but  also  include  small  amounts  of  runrang  text, 
tables,  and  other  forms  of  print  material  organizations.  Consequently,  they  are  not  simply 
*^ps"  presentirrg  landmarks,  roads,  and  other  geographical  information.  In  addition,  the 
conditions  under  which  lAP  charts  are  used  differ  greatly  from  other  types  of  maps.  Atlases 
and  other  forms  of  topographical  maps  are  usually  used  in  home  or  office  settings  under 
controlled  lighting  conditions  with  the  user  sitting  in  a  non-moving  chair.  Issues  of  insufficient 
light,  vibration,  and  turbulence  are  obviously  not  factors.  Also,  the  atlas  user  is  not  under  the 
same  types  of  time  constraints  as  the  lAP  chart  user  nor  is  the  atlas  user  perfomring  other 
oontpl^  tasks  (fiying  the  airplane,  talking  with  air  traffic  control  etc)  at  the  same  time. 

The  guidaiKe  information  described  in  this  harrdbook  is  obviously  constiaiired  by  serious 
differences  between  lAP  chart  use  and  tl)e  situations  in  which  the  experimental  data  were 
originally  collected.  Because  of  lintitations  in  the  amount  aird  quality  of  research  aimed  at 
maps  in  general  and  LAP  clvuts  in  particular,  research  conclusions  in  other,  related  donrains 
have  been  reviewed.  Clearly,  guidance  provided  by  this  type  of  research  is  subject  to  serious 
questions  as  to  how  well  it  applies  to  lAP  chart  domain.  However,  even  though  the  results 
do  not  conclusively  apply,  they  are  of  value  in  that  they  do  offer  some  suggestions  on  how 
certain  design  variables  mighi  improve  the  usability  of  approach  plates.  It  is  critical  to  remem¬ 
ber,  though,  that  many  of  the  conclusions  suggest^  here  are  necessarily  tentative  and  require 
evaluation  perfonned  under  conditions  comparable  to  the  flight  enviroiunaU. 
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2.  DISPLAY  IMAGE  QUALfTY 


2.1  OVERVIEW  OF  CHAPTER  2 

Effective  infonnation  presentation  requires  that  the  medium  by  which  the  information  is  con¬ 
veyed  (paper^  CRT,  LCD,  etc.)  be  capable  of  displaying  that  information  sufficiently  to  support 
the  visual  system's  ability  to  easily  detect  it  The  p^omumce  requirements  for  a  display  medium 
are  extensive  and  often  complex.  This  chapter  provides  a  brief  overview  of  the  human  factors 
issues  related  to  image  qualMy  of  paper,  CRT,  and  LCD  displays.  A  thorough  review  of  this  topic 
exceeds  the  constraints  of  a  single  chapter.  Instead,  the  attempt  has  been  made  to  provide  a  brief 
overview  of  the  more  critical  factors,  togetha*  with  accepted  human  factors  standards  for  defin¬ 
ing  required  display  perfonnarKe  values  for  each  factor. 

Two  objectives  have  guided  the  selection  and  organization  of  the  information  provided  here.  Bor 
the  reader  who  is  not  experienced  with  display  performance  requirements,  this  chapter  provides 
a  general  overview  of  the  topic  that  should  be  sufficient  to  enable  the  display  desigr\er  to  ass^ 
the  adequacy  of  a  display  interuled  for  use  in  presenting  lAP  charts.  References  to  Uterature 
which  provide  more  in-depth  coverage  of  topics  are  included,  where  appropriate,  to  enable  the 
interest  reader  to  obtain  additional  information.  The  reader  who  is  aii^dy  familiar  with  the 
issues  surrounding  display  quality  is  likely  to  find  tire  descriptive  infonnation  presented  in  Uiis 
chapter  familiar  and  less  i^ful.  However,  this  read^  wUl  find  a  compUation  of  display  quality 
starrdords  that  have  been  proposed  by  both  aviation  and  office  systems  human  Actors  orgarriza- 
tiorrs.  These  standards,  organized  by  topic,  should  provide  a  useful  refeieno^  for  even  the  most 
experienced  display  desi]^. 

This  chapter  has  been  ori^irized  into  six  sections.  Section  2.2  provides  a  brief  overview  of  the 
basic  issue  that  underlies  the  problem  of  achieving  sufficient  display  quality.  Tlris  issue,  simply 
stated,  is  that  the  user  and  the  display  medium  can  be  seen  as  individual  systems  that  support 
information  flow  to  varying  degrees.  Each  system  has  its  own  strengths  atul  limitations  tvlth 
respect  to  the  types  of  irtformation  tlrat  can  he  supported.  Effective  ^play  design,  from  a  hunmn 
factors  perspe^ve,  means  that  Ure  display  system  is  designed  to  complement  the  user  in  terms 
of  Ifis/her  own  visual  system  strengths  and  weaJenesses.  Insensitivity  on  the  of  tire  huittan 

visual  system  must  be  oorv^.pensated  for  by  the  design  of  a  display  medium  that  can  amplify  that 
infonnation  so  as  to  overcome  visual  system  finfitations. 

tills  relatioAshlp  between  the  user  and  tire  display  medium  is  complicated  by  the  role  of  the 
environment  in  which  the  user  and  display  medium  must  functioa  This  complication  takiS  the 
form,  once  again,  of  a  limitation  on  the  part  of  the  user,  in  the  sense  tliat  the  impact  of  the  envi¬ 
ronment  is  likely  to  appear  as  an  inability,  on  the  part  of  the  user,  to  detect  or  otherwise  respond 
to  information  provid^  by  the  display  mediunv  For  example,  vibration  of  the  cockpit  and  the 
user  can  reduce  the  user's  sensitivity  to  visual  infomiation  lliat  can  otherwise  be  detected.  Once 
ftgaiit,  the  solution  is  to  design  Uie  dispby  niedium  so  as  to  conipensate  for  user  limilatioiis. 
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Treating  the  user,  tlte  display  medium,  and  the  use  environment  as  an  integrated  information 
flow  system  encourages  a  focus  on  how  each  part  of  the  system  contributes  to,  or  hinders,  the 
flow  of  spedflc  types  of  information.  In  keeping  with  this  theme.  Section  2.3  looks  at  three  types 
display  media  that  might  be  rrsed  to  present  lAP  charts:  paper,  CRT,  and  LCD.  The  obje^ve 
of  this  section  is  to  briefly  review  the  strengths  and  limitations  of  each  medium  in  order  to 
identify  the  more  critical  ways  in  which  information  transfer  might  be  hindered  by  each  me¬ 
dium.  ITiis  description  is  intended  to  provide  a  general  corrreptual  framework  for  understairding 
the  recommended  dispby  performance  standards  described  later  in  this  chapter. 

Enviriomnanbil  factors  are  tlien  reviewed  in  Section  2.4.  Again,  tlie  objective  is  to  specify  those 
fectors,  inho'ent  in  the  cockpit  environment,  which  are  likely  to  impact  visual  system  perfor¬ 
mance,  resulting  in  the  need  for  S!iipport  of  the  visual  system  through  better  display  clUracteris- 
tics.  Ihe  two  most  important  factors  to  be  reviewed  are  ambient  lighting  within  the  cockpit  and 
vibration.  Unfortunately,  it  is  not  possible  to  describe  the  specific  impacts  of  these  factors  in  a 
ciuantitative  fonn.  The  ideal,  of  course,  would  be  to  define  them  irt  such  a  way  that  they  could  be 
represented  by  simply  dropping  a  variable  mto  existing  equations  for  definir^g  display  require¬ 
ments.  In  lieu  of  a  quantitative  approach,  the  alternative  is  to  describe  these  effects  qu^tatively, 
with  fli£  admonition  that  all  design  decisions  must  anticipate  their  effects. 

The  remaining  three  sections  of  the  chapter  review  the  various  factors  that  affect  display  quality. 
These  factors  have  been  categorized  into  three  types:  spatial,  temporal,  and  chroniatic  (Snyder, 
1988).  Spaiiat  variables  affect  tire  ability  of  the  eye  to  detect  infonnation  distributed  along  the 
vertical  aird  horizontal  dimensions  of  the  display.  The  fundamental  concept  underlymg  Ure 
spatial  variables  is  the  differentiation  of  infomralion  by  meairs  of  variations  in  luminance  inten¬ 
sity.  Simply  speaking,  infonnation  is  delected  on  a  display  because  patterns  of  display  locations 
are  visually  different  t>om  the  background  ;awl  neighboring  items.  Ihese  patterns  represent 
Infomration.  For  example,  each  alphanumeric  clraracter  is  comprised  of  its  own  set  of  display 
dements  which  are  delemrined  by  tl\e  shape  of  the  character  togethei'  with  the  intended  location 
of  tire  character  on  the  stnreen.  Tire  pattern  of  distinctive  elenreirts  enables  us  to  differentiate 
lirdividual  characters.  l^ferenUatioir  of  pattern  elements  fakes  place  on  Ure  basis  of  varialioirs  hr 
fununance  inteirsity.  Factors  Urat  hrflueirce  tire  itse  of  lunrinance  intensity  are  add'  essed  hr 
Si:£tion25. 

Information  presentation  is  also  affected  by  impomt  variables.  Typically,  we  Urhrk  of  temporal 
variables  as  involving  the  occurrence  of  sonnt  event  tlrat  beghrs  at  some  point  hr  thne,  uitfolds 
during  a  defined  tenrporal  seg^nent  aird  then  ends  at  some  later  point,  lire  use  of  electroiric 
display  media  brings  in  an  additional  aspect  of  temporal  variation  tlrat  is  of  central  ooncem  to 
this  chapter.  Electronic  displays  involve  the  sequential  presentation  of  infomratioa  For  example, 
hrformation  on  a  C!RT  appears  because  of  the  operation  of  an  electronic  beam  gun  Ural  activates 
pattenrs  of  phospirors.  Phosphor acUvaUon  tak^  tlnre  aird  must  be  constanUy  repeated  as  Ure 
phosphor  quickly  loses  its  brighbv  «s.  Tlris  process  of  updathrg  tire  display  is  a  fonrr  of  temporal 
variaUon  that  is  foreign  to  our  visual  systems  as  they  function  hr  Ure  every'day  world.  Not  sur- 
priaingh'.  process  can  be  extremely  disruptive  to  visual  perfomrance  if  it  does  not  take  place 
in  a  lash'  * '  irat  is  unnoticed  by  Ure  eye.  Temporal  variables  are  reviewed  in  Section  2.6. 

The  Urii  J  set  of  feictors  are  chromite  wrMks,  whidr  pertahr  to  rrisual  response  to  color.  Although 
ament  paper  lAP  drarts  do  not  use  color,  it  is  quite  likely  that  color  will  be  used  extensively  on 


dectronic  displays.  Coiisequently,  issues  related  to  the  display  of  color  on  G(T  and  LQ3  dis¬ 
plays  are  addres^  in  Section  27. 

For  each  of  the  three  dhneitsions/  the  issue  is  developing  a  display  tliat  functions  in  the  range  of 
physical  values  that  can  be  handled  by  the  visual  system.  As  Snyder  (1988)  points  out,  existing 
displays  cannot  support  the  ideal  conations  desir^  for  the  visual  system,  including  the  capabil¬ 
ity  to  present  very  small  spatial  detail,  a  temporally  stable  view  with  no  flicker,  and  an  almost 
infinite  range  of  colors,  llie  issue,  then,  is  to  determine  the  nninimum  standards  that  must  be  met 
if  the  display  is  to  be  usable  by  the  user,  keeping  in  mind  that  tradeoffs,  such  as  cost,  are  in¬ 
volved. 

For  each  of  the  display  quahty  factors  reviewed  in  Sections  Z5, 2.6,  and  Z7,  the  attempt  has  been 
made  to  recommend  mhumum  performance  requirements.  These  recommendations  have  been 
based  on  two  sets  of  standards.  The  most  extensive  body  of  research  has  been  performed  in  an 
attempt  to  identify  the  requirements  for  CRT  displays  used  in  the  office  environment.  Although 
the  application  of  the  resulting  standards  to  the  aviation  environment  is  clearly  problematic, 
these  standards  are  reviewed  simply  because  they  provide  additional  data  which,  if  used  with 
caution,  may  be  useful  in  making  decisions  for  displays  to  be  used  for  presenting  LAP  charts.  A 
second  set  of  standards  are  reviewed  wWch  have  been  developed  for  the  aviation  environment 
by  such  organizations  as  ARINC  (Aeronautical  Radio,  h\c.),  tl\e  Society  for  Automotive  Engi¬ 
neers,  and  the  military. 

Both  the  office  aird  aviation  standards  focus  almost  exclu... .  ;fly  on  CRTs  as  the  electronic  display 
medium.  Currently,  there  are  no  relevant  aviation  or  office  environment  recommendations  for 
flat  panel  displays  such  as  LCDs.  In  addition,  the  bulk  of  the  research  aimed  at  deriving  hunran 
factors  recommendations  for  LCDs  l\as  been  performed  by  private  corporations.  Consequently, 
there  is  very  little  experimental  data  available  in  the  public  literature.  Although  the  attempt  has 
been  made  to  provide  xecommeitdations  for  LCDs,  these  reconuneitdations  must  be  treated  with 
special  cauiioa 

Recommendations  for  dispby  quality  issues  pertahUng  to  paper  presentation  of  lAP  charts  are 
also  vague  with  regard  to  the  parameters  identified  above.  Requirements  for  such  critical  param¬ 
eters  as  printing  resolution  and  symbol-lo-backgrouiwl  cont  i^'t  ratio  appear  to  be  non-edstent. 
In  tltose  cases  where  specific  aviation  nxommendatioits  are  nut  availa^e,  common  practice  is 
used  as  the  standard. 

One  fiiral  point  should  be  made  about  tl\e  reconarrendations  described  in  tills  chapter.  Many  of 
the  conclusions  presented  are  stated  in  two  wa)'S.  The  first  version  of  the  conclusion  begins  with 
the  phrase  *1^  the  unaided  observer... "  For  example,  'Tor  Uie  unaided  observer,  all  symbols 
should  be  of  sufficient  height  to  ensure  adequate  legibility  in  all  viewing  situations."  Th^  version 
of  the  corKdu^on  is  orient^  towards  users  of  this  Handl^k  who  do  not  have  access  to  the 
equipment  required  to  accurately  measure  the  dlspby's  performance  on  that  parameter.  The 
obje^ve  is  to  provide,  whenever  feasible,  aitemative  to^Is  that  can  support  t^  evaluation 
pro(^ 

A  second  version  of  the  conclusion  spedfies  the  minimum  accepbble  parameter  value,  against 
which  the  performance  of  the  dispby  can  be  evaluated  either  by  means  of  the  manufoctirrer's 
specifications  for  the  dispby  or  by  conducting  the  approprbte  measurements.  Additional 


guidance  for  conducting  these  evaluations  can  be  found  in  The  Aerospace  Recommended 
Practice,  entitled  Photometric  and  Cohrirndric  Measurement  Procedures  for  Airborne  Direct  Vim  CRT 
Dxspto/s  (ARP  1782, 1989). 

Actual  measurement  of  each  display  quality  ^or,  by  the  display  manufacturer,  designer,  or 
evaluator  should  be  supplemented  by  the  observational  methods  described  in  the  first  version  of 
the  conclusions.  This  process  is  recommended  for  the  simple  reason  that  many  of  the  perfor¬ 
mance  requirements  described  in  this  chapter  are  based  upon  experimental  data  and  expert 
opinion  oriented  towards  non-IAP  chart  situations.  The  unique  conditions  in  which  lAP  charts 
are  likely  to  be  used  may  require  stricter  performance  requirements  than  are  suggested  by  the 
requirements  described  in  this  chapter.  Visual  evaluation  of  these  factors  under  the  conditions  of 
normal  lAP  chart  use  should  be  performed  whenever  possible  to  ensure  that  each  display  is 
usable 


Z2  THE  USER.  THE  DISPLAY  MEDIUM,  AND  THE  ENVIRONMENT 

At  its  simplest  level,  the  purpose  of  lAP  charts,  whether  paper  or  electronic,  is  to  transfer  infor¬ 
mation  from  the  chart  to  the  user.  This  process  of  information  transfer  takes  place  by  means  of 
light.  Chart  information  is  embodied  in  patterns  of  light  that  are  either  generated  by  the  dispby 
(CRT  or  LCD)  or  arise  because  of  reflection  off  of  the  display's  siuface  (paper).  These  light 
patterns  travel  to  the  eye,  initiating  the  process  of  perception  that  results  in  the  detection  of  tl\e 
information  embodied  i>  <  he  patterned  light.  The  amount  and  quality  of  infomration  transferred 
depends  botli  on  the  properties  of  tl\e  display  medium  and  the  limitations  of  the  visual  system. 
When  tlie  acceptable  limits  on  either  system  are  exceeded,  infom^ation  transfer  is  necessarily 
constrained.  Electronic  and  paper  displays  are  limited  as  to  tire  amount  and  quality  of  the  light 
patterns  they  can  emit  or  reflect.  Similarly,  the  visual  system  possesses  its  own  set  of  sensitivities 
and  linritations  that  detemiine  the  conditions  under  wlikh  visual  perfomrance  is  likely  to  be 
sufficiently  effective  to  achieve  adequate  pcrfonrtance. 

2^1  Visual  System  Considerations 

The  objective  of  the  visual  process  is  to  detect  and  differentiate  individual  patterns  of  htforma- 
tion  conveyed  by  means  of  light,  lliese  patterns  correspotvJ  to  the  objects  and  events  of  our 
world.  Differetrtiation  of  objects  takes  place  by  perceiving  differences  in  color  and  brightness  in 
tire  light  patterns  that  reach  the  ratina.  Huree  dimensioirs  of  visual  perfomiance  are  especially 
impoitant  in  assessing  tlie  quality  of  a  display.  Utese  dimensions  are; 

•  Spatial  vision:  lire  ability  of  the  eye  to  detect  patterns  of  infomration  in  light; 

•  Temporal  vision:  The  responsiveness  of  tire  eye  to  pattern  change; 

•  Chromatic  vision:  The  sensitivity  of  tite  eye  to  color. 

Had)  of  these  types  of  visum  is  reviewed  below. 
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22.1 .1  Spatial  Vis»ii 


Information  presented  on  an  lAP  chart  is  conveyed  to  the  eye  in  the  form  of  patterns  of  light  that 
are  actually  variations  in  the  relative  luminance  of  the  pattern  elements.  These  luminance  differ¬ 
ences  must  be  sufficiently  large  to  enable  the  eye  to  differentiate  between  them.  With  respect  to 
lAP  charts,  the  issue  of  pattern  detection  is  most  critical  as  it  pertains  to  the  ability  of  the  eye  to 
detect  the  substantial  amounts  of  small  detail,  such  as  symbols  and  alphanumeric  characters,  that 
can  appear  on  a  chart  The  ability  of  the  eye  to  detect  this  small  detail  depends  on  a  number  of 
factors  rdating  to  variations  in  the  characteristics  of  the  light  available  to  the  eye  and  the  eye's 
effectiveness  in  responding  to  these  variations. 

Two  sources  of  light  for  carrying  information  are  available.  Most  of  the  light  that  reaches  the  eye 
is  reflected  light  Reflected  light  refers  to  the  light  ffom  a  light  source  that  bounces  off  of  a  surfece 
and  then  travds  to  the  eye  light  from  the  sun  is  one  source  for  reflected  light  Typically,  we 
don't  look  at  the  sim  directly.  Instead,  we  are  able  to  utilize  the  reflected  light  that  originated  in 
the  sun  as  a  means  of  differentiating  objects  around  us.  When  we  are  indoors,  the  luminaiure 
source  is  usucilly  a  lamp  of  some  type.  Again,  we  tend  to  use  the  reflected  rather  than  direct  light 
6om  thatsource 

In  the  case  of  lAP  charts,  the  type  of  light  used  depends  upon  the  display  medium  Paper  charts 
are  read  or\ly  by  means  of  light  reflected  off  of  the  chart.  Electroiric  displays  represent  a  very 
different  situation  in  that  CRTs  and  IXDs  emit  tlieir  own  Ught  However,  reflected  light  also 
plays  a  role  in  that  the  Ught  available  from  an  electronic  display  is  a  combination  of  emitted  and 
reflected  Ught  In  tliis  situation,  refkctod  liglU  con  cause  problems  for  Ute  visual  system,  the 
obvious  cose  being  that  of  glare. 

Regardless  of  whether  tlie  light  is  reflected  or  emitted,  the  Lwsic  funcUoning  of  the  visual  system 
is  generally  the  san\e.  Light  energy  is  transfonned  by  photoreceptive  n\ateHal  in  t}\e  retiiui, 
located  at  the  rear  of  the  eye  ball,  into  neural  pulses  Urat  are  tlien  processed  by  Uve  cognitive 
system.  These  naual  puls^  reflect  Urc  pattern  of  iirfonration  represented  in  Ute  Ught 

The  pattern  of  neural  pulses  is  a  consequence  of  the  ability  of  tire  cells  located  in  tlie  reUtra  to 
detect  changes  in  the  huensity  or  color  of  tlie  Ught  available  to  the  eye.  hr  the  case  of  1 AI*  charts, 
this  capability  trairslatcs  hrto  the  ability  to  discrinrurate  individual  alplranunreric  characters  and 
syndjols.  This  capabiUty  is  affected  by  the  conditions  under  which  the  object  is  being  perceived. 
Tlie  visual  system  is  be^  able  to  detect  snull,  detailed  iirfomration  under  bright  lighting  condi¬ 
tions.  This  is  one  reason  why  reading  bmps  are  commonly  used  for  tasks  Uiat  Uwolvo  seehrg 
small  detail  such  as  reading  or  sewing. 


The  rebtionship  between  lumurance  conditions  ai\d  the  abiUly  of  the  eye  to  delect  simll  detail  is 
a  consequence  of  the  physiology  of  tlie  retina,  tliere  are  two  types  of  photoreceptor  cells  located 
in  the  retina.  Under  bright  Ught,  Uie  cones  are  the  dominant  photoreceptor  cells  wliile  rods 
become  dominant  under  dark  conditions.  Together,  the  two  types  of  cells  enable  the  visual 
system  to  function  under  a  broad  range  of  lighting  conditions. 

There  is  also  a  rebtionship  between  type  of  pliotoreccplor  cell,  lighting  condition,  and  sensitivity 
todebiL  Cones  require  subsbnUally  higher  levels  of  Ught  to  function  in  comparison  to  rods.  Ihe 
reason  for  this  is  that  cones  have  a  one-to-one  mapping  with  neurons  in  the  visual  system.  Tliis 
mapping  supports  greater  preservation  of  detail  in  that  each  cone's  response  travels  to  the  higlier 


levels  of  processing  in  the  visual  system.  Rods,  in  contrast,  achieve  their  ability  to  respond  to 
very  low  amounts  of  light  from  the  many-to-one  mapping  of  rods  to  visual  system  neurons.  The 
energy  emitted  by  small  amounts  of  light  that  reach  individual  rods  belonging  to  a  common 
group  is  summed  together,  enabling  the  activation  of  the  visual  neuron  to  wli^h  those  rods,  as  a 
group,  are  connected.  This  enhanced  sensitivity  to  light  is  accompanied,  however,  by  a  reduced 
sensitivity  to  detail  Each  rod's  individual  response  to  light  patterns  is  summed  together  with  all 
of  the  other  rods  belonging  to  a  common  group.  Consequently,  rods  are  necessarily  less  sensitive 
to  detail  The  resi’Jt  is  that,  altliough  we  are  able  to  see  objects  imder  low  lighting  conditions,  we 
are  only  able  to  see  gross  shapes  and  forms.  We  can  see  enough  to  get  aroimd,  for  example,  but 
we  are  imable  to  read  a  book  or  thread  a  needle 

The  importance  of  the  oone/rod  distinction  for  the  lAP  chart  situation  is  the  need  to  ensure  that 
sufficient  light  is  provided  to  support  vision  by  means  of  tlie  cone  system.  LAP  charts  contain  a 
substantial  amount  of  information  that  is  usually  very  small.  Ti  is  al^  important  to  ensure  that 
the  size  of  the  detail  is  sufficient  to  be  detectable.  Very  smaU  objects  have  correspondingly  small 
differences  in  lununance.  These  luminance  differences  must  be  sufficiently  large  to  ensure 
consistent  detection  by  the  visual  system. 

To  this  point,  the  emphasis  has  been  on  the  ability  of  the  eye  to  discriminate  between  light 
patterns  that  correspond  to  di¥erent  objects.  Lumittance  differences  have  been  assumed  to  signal 
Qifferences  between  objects.  Tlus  is  not  always  the  case,  however,  when  electroitic  displays  are 
used.  Specifically,  the  problem  concerns  the  fact  tliat  information  is  formed  on  an  electronic 
display  by  means  of  minute  elements  (called  picture  elements  or  pixels)  that  are  so  sntall  and 
dose  together  they  appear  to  fonn  continuous  lines.  In  effect,  the  eye  is  tricked  into  seeing 
continuity  even  though  the  actual  underlying  elements  are  discrete  As  will  be  shown  later  in  tl»is 
drapter,  atr  impoitar\t  port  of  Uie  process  of  evaluating  dispbys  irwolves  assessiirg  tlteir  effective¬ 
ness  in  enabling  larger  coherertt  draracters  and  symbols  to  appear  by  mearts  of  pbcels. 

A  separate  set  of  considerations  Uiat  iirfluence  pattern  vision  affect  the  visual  system  before  light 
reaches  the  retina.  Ibis  set  of  factors  are,  in  a  sense,  malianical  in  nature  and  each  iirtroduces  its 
own  forw  of  distortion  to  the  light.  Light  enters  the  eye  tiuough  the  cornea  arvd  ti\en  passes 
through  an  opening  called  the  pupil.  Distortion  from  tlie  cornea  can  take  place  in  several  ways. 
First,  the  carved  shape  of  U\e  cornea  causes  the  light  to  curve.  In  addition,  scarring  and  clouding 
can  occur  that  rcxluce  the  amount  of  light  able  to  })as.s  tiurough.  Tire  iris  also  tras  air  important 
influence  because  it  controls  the  size  of  Ure  pupil,  wirich,  iir  turn,  detemrines  tire  anrouirt  of  light 
allowed  to  enter  tire  eye.  Under  bright  ambient  conditions,  tire  pupil  openitrg  b  small  eirabliirg 
mostly  focused  light  to  reach  the  retina.  Under  dinr  light,  Ure  pupU  cxpoirds,  through coirtracUon 
of  the  iris,  to  allow  nrore,  less  directed  UgtU  to  enter. 

The  light  then  reaches  the  lens,  which  b  used  to  mairipulate  tire  curvature  of  tire  light  so  as  to 
ensure  tirat  the  light  b  focused  appropriately  on  the  retiira.  Objeeb  located  dose  to  tire  eye  cause 
tire  lens  to  bend  into  a  mote  convex  slrape.  The  lens  b  flatter  for  objeeb  farther  away.  Thb 
process  b  called  accommodatioa  Tire  process  of  aoconmrodation  b  espcctally  critical  iir  tire  case 
of  the  LAP  drart  user  in  that  the  pilot  may  Irave  to  repeatedly  look  out  tire  window  (e.g.  for 
traffic},  then  at  objeeb  located  much  doser,  sudr  as  tire  LAP  drart. 

Older  eyes  may  also  suffer  from  a  clouding  of  Ure  lens  tirat  reduces  lire  anrount  of  light  able  to 
pass  through.  As  tire  lens  ages,  it  also  tends  to  become  suffer,  reducing  tire  ability  of  tire  lens  to 
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curve  as  required  when  looking  at  objects  that  are  located  close  to  the  eye.  Hnally,  the  light  must 
then  pass  through  the  vitreous  fluid  tl^t  fills  the  eye  ball.  Older  eyes  may  have  greater  amounts 
of  solid  matter  floating  in  the  vitreous  fluid  which  again  can  reduce  the  amoimt  of  light,  as  well 
as  causing  the  light  waves  to  distort  as  they  strike  the  solid  matter. 

Regardless  of  age,  many  individuals  suffer  from  an  inability  to  properly  focus  the  light  onto  the 
retiiuL  Near-sightedness  and  far-sightedness  are  also  common  conditions  that  can  be  largely 
compensated  for  through  corrective  lens.  Problems  in  visual  functioning  due  to  poor  eye  sight  or 
age  are  of  critical  importance  to  display  quality  evaluation.  Displays  must  be  designed,  to  the 
extent  possible,  to  compensate  for  expkted  changes  in  visual  performance  that  are  likely  to  occur 
in  many  pilots.  Although  many  of  these  problems  can  be  corrected,  there  still  remain  difficulties 
that  arise  through  the  correction  process.  One  of  these  problems  is  the  fact  that  corrective  lenses 
tend  to  decrease  the  overall  amount  of  light  that  reaches  the  retina.  Also,  the  introduction  of 
certain  types  oi  correction  may  impact  the  posture  of  the  user.  One  of  the  most  common  prob¬ 
lems  atiks  through  the  use  of  bifocals  because  the  user  must  position  the  head  correctly  so  as  to 
ensure  the  ability  to  look  through  the  corrected  part  of  the  leirs.  The  result  is  the  tendency  to  raise 
the  head  so  as  to  look  through  the  lower  part  of  the  lens.  The  result  can  be  excessive  stress  to  the 
neck  and  backmuscles. 

As  tlus  section  has  shown,  the  ability  to  detect  detailed  infom\alion  is  governed  by  a  variety  of 
factors,  including  tire  optical  properties  of  the  eye,  tl\e  density  of  photoreceptors  across  the  retina, 
and  the  degree  of  luminous  difference  provided  by  the  environment  to  the  eye-  All  of  these 
factors  will  influence  the  user's  ability  to  see  the  infomtation  prc^nted  on  an  LAP  chart.  The  fact 
that  there  is  a  50%  reduction  in  the  amouaU  of  illun^tion  titat  reaches  the  retina  at  the  age  of  50 
years  compared  to  20  (Degani,  1991 )  atgues  for  the  need  to  use  conservative  design  guidelines. 
This  consideration  (»iplain$  why  the  decision  to  use  especially  strict  values  was  made  in  develop¬ 
ing  the  teconmretulaUons  described  later  in  this  chapter. 

2Z1J2  TEUPORALVtSKM 

Temporal  vision,  as  the  name  suggests,  refers  to  the  ability  of  Uie  visual  system  to  detect  change 
Although  the  use  of  static  displays,  such  as  LAP  charts,  would  suggest  that  temporal  vision  does 
not  play  a  role  in  chart  petcejkion,  temporal  vision  is,  in  fact,  a  critical  element  factor  witlr  elec¬ 
tronic  dis|:^ys.  As  Section  2.3  will  describe,  electronic  dispbys,  even  those  that  present  static 
infottnaUoit  such  as  LAP  diarts,  undergo  constaitt  change,  in  the  fom^  of  tite  repeated  relreshing 
of  the  saeen.  The  previous  section  pointed  out  that  the  eye  must  be  tricked  into  seeing  continu¬ 
ous  liites  form^  by  means  of  very  snrall  pixels.  Simibrly,  the  eye  must  also  be  tricked  into 
seeing  contiruiity  over  time  even  though  the  screen  is  actually  oonstaiUly  changing.  If  this  rehesh 
process  occurs  too  slowly,  the  screen  appt^  to  flicker. 

Percepboti  of  temporal  clcmge  such  as  flicker  is  related  to  Ute  rod  arrd  cotre  system  described 
earli  V.  Ones  are  located  prinrarily  in  the  central  part  of  Uie  retina,  an  area  c^ed  the  fovea. 
When  we  look  directly  at  an  object,  we  position  our  eyes  so  as  to  allow  the  fovea  to  face  the 
object  This  allows  the  cones  to  be  oriented  towards  the  object  so  as  to  take  advantage  of  the 
cone's  greater  sensilivify  to  detail 

Rods  ate  located  fHedommanlly  away  from  the  fovea.  Ttiis  design  is  advantageous  because  rods 
are  not  only  more  sensitive  to  light  but  they  areolso  more  sensitive  to  movement.  Vlffien  a 
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moving  object  comes  into  the  field  of  view  from  the  left  or  right,  it  first  enters  peripheral  visioa 
The  rods  are  quickly  activated  and  help  to  direct  the  fovea  towards  that  object  so  as  to  enable  the 
cones  to  use  their  sensitivity  to  detail  to  recognize  the  moving  object 

The  relevance  of  the  rod/cone  distinction  to  electronic  displays  may  not  be  immediately  obvioiis 
from  this  descriptioa  There  will  not  be  moving  objects  on  near-generation  lAP  dwrts.  Nonethe¬ 
less,  peripheral  vision  and  the  rod  system  play  an  important  role  in  detecting  temporal  change  in 
displays  due  to  flicker  and  jitter.  For  the  design  evaluator,  peripheral  vision  is  a  useful  tool  for 
evduating  display  quality.  For  the  display  user,  peripheral  vision  will  play  a  critical  role  in 
guiding  eye  movements  when  seeking  specific  infonnation  presented  on  a  chart  This  latter 
process  v\^  be  described  in  Qiapter  3. 

2,2.1.3  Chromatic  Vision 

A  third  important  aspect  of  vision  is  chromatic  vision,  the  ability  to  detect  differences  in  color. 
Color  is  currently  not  used  on  paper  lAP  charts  but  it  is  likely  that  color  will  be  available  on 
electronic  charts  as  a  means  of  coding  simibr  types  of  mformation  and  as  a  tool  for  supporting 
the  chart  user's  ability  to  detect  small  information  elements  on  a  chart  Since  the  visual  system  is 
very  sensitive  to  color,  color  is  a  potentially  valuable  tool  for  lAP  charts.  As  will  be  shown  in 
Chapters  4  and  6  of  this  Haivlbook,  effective  use  of  color  can  improve  symbol  detection  and 
provide  a  valuable  tool  for  supporting  diart  infonmtion  organization. 

Tire  light  that  fills  our  world  is  full  of  color.  What  is  not  obvious  is  that  the  color  we  see  can  be 
produced  in  a  variety  of  ways.  Most  colors  can  be  produced  through  Uie  combination  of  a  variety 
of  wavelengtlis.  For  Uiis  reason,  most  light  sources  can  only  be  described  by  considering  their 
spectral  cc  tposUm,  le.  tire  amount  of  energy  contributed  to  Ure  total  by  each  wavelength.  The 
spcx:tral  composition  of  a  light  source  determirtes  its  perceived  color  but  it  is  not  possible  fora 
human  observer  to  determine  tire  spectral  composition  of  an  object  by  looking  at  it. 

The  color  we  see  is  delcmtiruxi  not  only  by  the  spectral  composition  of  the  light  but  also  by  the 
light  coiKiitions  surrounding  tlu?  object.  Good  color  acuity,  like  spatial  acuity,  requires  high  light 
levels  (le.  3.18  cd/m’)  because  color  is  perceived  by  meairs  of  Uie  cones.  For  cockpit  displays  the 
inrplication  is  Urat  color  should  be  used  to  convey  important  infomution  only  when  adequate 
cockpit  ard  display  lighUirg  can  be  ensured. 

The  appearance  of  a  colored  object  can  be  described  along  three  relatively  independent  dimen¬ 
sions.  The  hue  of  m  object  refers  to  tirat  aspect  to  wNch  we  usually  assign  color  names,  such  os 
red,  blue,  or  purple.  There  are  four  unique  hues  tlrat  can  only  be  described  by  using  their  own 
color  names:  blue,  green,  red,  aird  yellow.  Otlrer  colors  are  described  by  combiiring  these  four 
basic  colors,  for  exanrple,  blue-green  or  yellowisli-rcd.  "Colored"  objects  wlrich  do  not  appear  to 
possess  any  hue  are  tormc'd  achrmnaik,  such  as  gray,  black,  or  white.  Those  objects  that  do 
possess  color  me  tunned  dtmnulic. 

A  second  aspect  of  colored  objects  is  ihek  brightness  or  lightness.  These  temrs  refer  to  the  per¬ 
ceived  intensity  of  the  light  reflected  or  emitted  from  the  object.  Objects  with  an  equivalent  hue 
may  still  appear  brighter  or  lighter  relative  to  each  other,  thus  aiding  adequate  dis^finatioa 


Hnally,  an  object's  color  may  vary  in  terms  of  its  saturation  or  chroma.  This  aspect  refers  to  color 
purit^  The  amount  of  saturation  describes  the  color's  deviation  from  a  pure  white  For  example, 
darkening  a  pink  by  adding  ixu>re  red  corresponds  to  inaeasing  saturatioa 

Because  the  perception  of  color  is  due  to  stimulation  of  the  cone  cells  of  the  retina,  at  very  low 
light  levels  (when  the  visual  system  is  dark  adapted)  objects  will  appear  to  lose  color  and  look 
white  or  gray.  For  this  reason,  it  is  lecommend^  that  for  color  perception  the  minimum  radiant 
energy  coining  from  the  object  should  exceed  (XOOl  cd/nf  (Boff  &  Lincoln,  1988,  p.  337). 

Wavelengdt  and  brightness  are  not  independent  dimensions,  in  that  the  visual  system  is  differ¬ 
entially  sensitive  to  ^ferent  wavelengths.  The  same  amount  of  energy  contained  in  light  of  380 
nm  not  cause  the  same  brightness  sensation  if  contained  in  light  of  550  run.  The  practical 

implication  of  this  is  that  blue  symbols  are  much  harder  to  discriminate  on  a  dark  display  saeen 
thw  great  or  yellow  symbols  even  if  they  are  matdied  in  total  light  energy  output. 

Although  color  is  a  potentially  valuable  tool,  it  is  important  to  rentember  that  partial  color¬ 
blindness  is  a  common  phenomenoa  This  disability  can  be  compeitsated  for  through  carefrU 
selection  of  the  colors  used. 

This  very  brief  description  of  some  of  the  major  cliaracteristics  of  the  visual  system  is  mtended  to 
review  some  phenomena  that  fotm  the  basis  for  design  decisions.  That  is,  tali  advanbge  of  what 
the  visual  system  is  good  at  and  find  ways  to  compensate  for  its  limitations.  Tire  visual  system 
has  its  own  requirements  with  respect  to  the  types  of  visual  stimulation  to  which  it  is  semitive.  hr 
evaluating  the  performance  of  a  display,  need  to  lake  into  the  account  the  specific  requirenrents 
of  the  vis^  system  Not  enough  to  measure  absolute  perfomunce  requlrcnreirts. 

ZZ2  Display  Medium  Considerations 

Our  visual  systenrs,  in  effect,  serve  as  tnursducers  of  pattenrs  of  energy.  As  transduoJts,  certaiir 
aspects  of  light  energy  are  lost  due  to  Ure  insensitivity  of  tire  visual  system  to  those  aspects. 
Sinrilarty,  dispbys  are  transducers  in  tlvit  they  translate  electrical  eneigy  hrto  pltems  of  iirfor* 
mation  that  we  can  see.  In  this  process,  however,  some  aspects  of  electrical  eirergy  ore  tost.  A 
signal  that  passes  through  a  dispby  is  likely  to  lose  some  of  its  amplitude.  In  tire  case  of  square 
waves,  Uris  can  mean  lire  loss  of  crisp  and  distiircl  edges,  the  result  being  a  blurred  inrage.  Eaclr 
nredium  has  its  orvn  slrengllrs  and  weaknesses  with  respect  to  lire  ability  to  proseirt  iirfomraliotv 
which  will  be  reviewed  in  soniewhat  more  detail  hr  Section  23  of  this  dr^^^er. 

223  Environment  Considerations 

Tire  effectiveness  of  infomration  irairsfer  is  also  affecied  by  factors  outside  of  Ure  dispby  medium 
and  the  visual  system,  lire  envirotunetrt  provides  its  own  sources  of  light  which  can  Urhibit  the 
ability  of  the  dispby  to  adequately  convey  urfonrratiotr  to  the  visual  system. 


A  socoird  important  etrvironmenlal  betor  is  vibraUoa  Vibration  is  Ukely  to  have  an  effect  on 
performance  by  mhibiUng  the  ability  of  the  eye  to  stabilize  on  the  dispby  iir  order  to  read  the 
image  Both  of  tlrese  factors  are  discussed  in  somewhat  nrore  detail  hr  Sr^on  2.4  of  this  Jrapter. 

Adequate  dispby  quality  must  take  into  account  tire  expected  losses  in  mfonnation  Ural  can 
occur  in  tire  visu^  system,  the  dispby  mediunr,  and  os  a  consequence  of  eir  vironnrental  factors. 
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Although  the  visual  system  is  able  to  adjust  to  a  wide  range  of  viewing  conditioiis,  this  compen¬ 
sation  necessarily  brings  with  it  the  risk  of  negative  side  effects,  such  as  reduced  efficiency,  visual 
^iain,iu^d  fatigue. 


2.3  CHARACTERISTICS  OF  PAPER,  CRT,  AND  LCD  DISPLAYS 

Each  display  medium  possesses  its  own  unique  advantages  and  disadvantage  -  This  section 
briefly  describes  how  each  medium  works,  aiui  the  likely  impact  on  display  quality. 

2.3.1  Paper  Displays 

The  paper  medium  possesses  a  number  of  characteristics  which  make  it  quite  unique  when 
compai'ed  to  electronic  displays.  In  terms  of  spatial  resolution,  paper  currently  supports  the 
highest  level  of  resolution  of  the  three  display  media.  Printed  characters  are  t^ic^y  sharper 
tlm  electronic  characters  for  the  simple  reason  that  the  approximately  600  dote  per  iirch  that  is 
standard  for  typ^et  paper  displays  is  much  greater  than  even  the  highest  resolution  CRT,  which 
can  support  approximately  170  dote  per  inch  (Pluche  &  Hansman,  1990).  The  consequence  is  that 
the  image  on  electronic  displays  appears  somewhat  blurred  and  less  distinct. 

In  addition,  paper  has  the  advantage  that  the  use’  an  control  the  angle  and  distance  of  the  page 
relative  to  tl^e  visual  system.  In  this  way,  problems  with  insufficient  character  and  symbol  sizes, 
limitations  in  visual  system  functioning  can  be  compensated  for. 

Tltere  are  several  variables  pertaining  to  paper  composition  that  can  impact  the  effectiveness  of 
the  display.  The  glossiness  of  the  paper  affwte  the  amount  of  and  type  of  light  reflection  off  of  the 
r  ige.  High  gloss  paper  should  be  avoided  for  this  reason.  Paper  thickness  is  also  a  consideration 
m  that  priitting  of  both  sides  of  the  page  occurs.  Although  light  weight  has  obvious  advantages, 
lightness  of  weight  is  achieved  at  the  consequence  of  paper  tliinn£5s,  which  can  allow  the  back 
side  of  the  pag.  to  parti  • mask  information  presented  on  the  front  of  that  page. 

With  respect  to  issues  of  temporal  performance,  the  paper  medium  is  tl)'?  most  stable  for  the 
obvious  reason  that  it  does  not  emit  light  that  must  be  continuously  reft’eshed.  Paper  is  a  reflec¬ 
tive  ratlier  tlun  light  emitting  medium.  Hte  obvious  consequence  of  this  difference  is  that  the 
pisrceived  contrast  of  a  dark  symbol  on  a  light  background  remains  constant  as  the  ambient 
illumination  level  changes.  Contrast  is  a  function  of  the  combined  emitted  and  reflected  light.  As 
the  antount  of  light  changes  so  does  the  contrast.  However,  for  a  light  emitting  device,  such  as  a 
CRT  or  LCD,  the  contrast  between  dark  and  light  areas  is  constant  Independent  of  the  surround¬ 
ing  lighting.  As  ambient  illununation  maeases,  the  ratio  of  luminance  differences  between 
symbology  and  backgi'ound  (contrast  ratio)  will  decrease.  This  reduction  in  contrast  is  due  to 
several  Actors  including  inaeased  reflected  glare  and  the  deo'eased  contrast  sensitivity  of  the 
eye  due  to  adaptation  to  higher  light  levels. 

Because  papsr  lAP  diarts  do  itot  use  color,  there  are  no  chromatic  variables  to  consider. 
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Z32  The  Cathode  Ray  Tube  (CRT) 


CRTs  are  currently  the  dominant  technology  used  for  cockpit  displays.  The  CRT  consists  of  an 
evacuated  glass  tube  witl\  an  electron  gun  at  one  end.  As  the  electron  beam  is  deflected  it  selec¬ 
tively  lights  up  different  parts  of  the  saeen  facing  the  user.  Tlie  degree  to  which  each  point  or 
picture  element  (pixel)  lights  up  is  a  function  of  the  intensity  of  the  electron  beam  hitting  it  and 
the  characteristics  of  the  light-emitting  phosphor  coated  onto  the  screen.  Different  phosphors  will 
light  up  in  different  colors  and  with  different  light  outputs. 

The  two  most  common  types  of  CRTs  are  refreshed  CRTs  and  storage  CRTs.  Refreshed  CRTs  must 
continually  re-write  the  image  to  ensure  that  it  appears  stable  and  flicker-free  to  the  user.  Storage 
CRTs,  in  contrast,  can  maintain  an  image  on  the  screen  without  the  need  for  regeneration. 
Among  these  two  broad  types  of  CRTs  are  many  subclasses  which  can  vaiy  in  a  number  of 
ways,  including  how  the  dectron  beam  is  form^,  how  it  is  focused,  and  how  it  is  deflected. 

The  most  common  version  of  the  refreshed  CRT,  called  a  TV  raster  or  raster  scan,  creates  an 
image  on  the  screen  by  repeatedly  moving  the  electron  beam  across  the  screen  face  in  lines.  This 
scanning  process  is  similar  to  the  way  a  conventional  television  works.  By  turning  tl\e  beam  on 
aivl  off  at  various  times  an  image  is  created  on  the  screen.  Once  the  beam  reaches  the  bottom  of 
the  screen  it  returns  to  the  top  and  begins  again.  Another  type  of  refresh  CRT,  tl^e  stroke  clrnrac- 
terCRT,  guides  the  electron  beam  over  the  path  diat  forms  a  cliaracter.  Tl^e  beam  first  writes  one 
symbol,  then  the  next  Once  the  last  symbol  is  written  it  repeats  tlie  cycle. 

A  storage  CRT  has  two  electron  guns:  a  writing  gun  and  a  flooding  gun.  Tl\e  writing  gun 
''charges  up"  those  areas  which  are  to  become  luniinous.  Tl^e  flooding  gun  then  bathes  tl>e 
entire  screen  with  low  energy  electrons.  A  secondary  emission  from  the  "charged"  phosphors 
causes  those  areas  to  glow,  (fltanging  the  image  usually  requires  rewriting  the  entire  saeea  For 
this  reason,  storage  CRTs  are  less  popular  for  text-editing  word  processors.  Most  of  the  research 
that  has  been  conducted  on  hun^ai\  factors  requii  emeiUs  for  CRTs  luis  used  raster  scan  CRTs  and 
most  existing  cockpit  CRTs  use  refresh  CRTs.  Tire  perfonnance  requirements  of  CRTs  described 
in  this  chapter  will  address  oiUy  refreslt  CRTs. 

Color  CRTs  are  created  by  placing  phosphors  having  different  doinituint  wavelengUis  in  an 
array  acro,ss  tlie  saeen  face.  Usually  only  blue,  green,  and  red  are  used.  A  variety  of  colors  are 
perceived  because  tire  visual  system  will  integrate  these  combinations  if  they  are  loc^^ted  very 
dose  to  eaclx  other  spatially.  An  alternative  approach,  used  by  psnetmtion  type  color  CRTs, 
places  different  phosphors  iix  layers  upon  the  saeen.  Depeudmg  upon  how  ^  Ute  baim  pen¬ 
etrates  these  byers  differeiU  phosphoi^  will  glow. 

In  terms  of  spaUal  vision,  CRTs  suffer  from  tin?  problem  tl\at  activation  of  a  pliosphor  is  not  an 
sB-or-none  process.  Wlren  a  phosphor  is  activated,  the  pattern  of  aciivatioh  follows  a  nomvil 
distribution:  activation  is  great&t  at  the  center  of  the  phosphor  and  falls  off  grodually  towards 
the  edges.  The  consequence  is  that  edgesbetween  phosphors  are  blinred. 

With  respect  to  temporal  jrafomrarree,  CRTs  sidfer  from  two  nrajor  limitatiofr;.  First  the  con¬ 
stant  rewriting  of  die  saeen  can  cause  the  image  to  flicker  if  the  refresh  rate  is  too  slow.  In 
additiotv  when  refreslring  tire  screen,  jxreiily  designed  CRTs  can  fail  to  scan  dre  same  path. 
Devbdorrs  from  this  path,  either  above  or  below,  am  cause  Ure  soreen  to  jitter.  Thereprescnled 
image  may  appear  to  be  changing  shape  c '^ntimiously. 
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In  terms  of  chromatic  problems,  CRTs  sviffer  from  the  difficulty  that  high  ambient  illumination 
conditions  csn  cause  the  screen  to  wash  out.  Not  only  is  luminance  contrast  reduced  but  also 
colors  will  appear  faded  or  disappear  ^tirely. 

2.3.3  TTie  Uquld  Crystal  Display  (LCD) 

Liquid  Crystal  Display  (LCD)  technology  is  imdergoing  rapid  development  at  the  present  time. 

A  number  of  different  technologies  are  being  explored,  and  it  is  difficult  to  determine  which 
approach  is  likely  to  become  the  industry  stand^d.  For  this  reason,  only  the  most  general  charac¬ 
teristics  of  LCDs  are  described.  Additioiial  information  on  new  LCD  te^ologies  can  be  found 
in  Pluche  aiui  Hansman  (1990). 

An  LCD  operates  in  a  fundamentally  different  way  than  a  CRT.  CRTs  are  light  emitting  devices 
in  that  phosphors  are  activated  so  as  to  produce  patterns  of  light.  LCDs,  in  contrast,  are  essen¬ 
tially  light  modulating  devices.  As  light  passes  through  an  L^  from  behiixl,  certain  optical 
properties  of  the  liquid  crystals  either  permit  the  light  to  pass  through  unchanged,  or  scatter  the 
light  and  absorb  it  rsmilting  in  a  dark  spot  on  the  screea  These  optical  properties  are  governed 
by  the  aligmnent  of  the  crystal  molecules  in  particular  directions.  Because  these  crystals  will 
actually  move  or  align  themselves  with  an  externally  applied  electric  field  (hence  the  name 
"^liquid  crystals"),  areas  of  the  screen  can  be  darkened  or  brightened  by  selectively  applying 
electric  fields.  The  pattern  of  bright  and  dark  areas,  defined  by  the  shape  of  the  applied  electric 
field  results  in  the  production  of  graphic  or  alphanumeric  characters  on  tire  saeen. 

Color  may  be  generated  in  an  LCD  display  in  several  ways.  A  common  approach  is  to  place 
colored  filters  on  the  surface  of  the  liquid  crystal  cell.  As  the  light  penetrates  the  filters,  selective 
wavelengths  are  absorbed.  Those  wavelengtiis  that  are  not  absorbed  determine  the  color  tlrat  is 
produced .  By  systematically  arranging  three  differently  colored  dots  over  the  pixels,  a  variety  of 
colora  can  be  adiieved  by  varying  the  intensity  of  emitted  light  from  each  pixel  This  process  is 
sinrilor  to  color  generation  in  a  CRT. 

A  second  approach  is  to  strobe  three  different  colored  lights  behind  the  liquid  crystal  surface. 
Because  Uie  eye  has  a  limited  amount  of  temporal  resolution  the  intetrsity  of  light  passing 
through  tire  pixel  on  each  ftoslr  will  govern  tire  perception  of  color. 

A  third  approach  is  to  "dope"  some  liquid  crysUrls  with  chemicals  tlrat  absorb  specific  light 
waves  depending  upon  their  tilt.  If  theappli^  electric  field  is  controlled  precisely,  the  amount  of 
tilt  can  be  corrtroUed  and  particular  wavelcngUrs  will  be  absorbed,  llris  approadr  is  only  now 
roadring  tire  marketplace. 

LCDs  possess  a  nunrber  of  advantages  over  CRT  displays,  urdudiirg  lower  power  coirsunrption, 
lower  weight,  and  greater  reliability  (Rausdi,  1988). 

With  respect  to  spatial  perfomrairce,  Utenrajor  drallenges  in  produdng  high  quality,  large  saeen 
LCPsare: 

(1 )  Developing  new  liquid  ay stals  wlrich  "twist"  or  align  Uremsel ves  differently  in  respoirse  to 
ever  snrallcr  differences  in  tire  applied  electric  field; 


(2)  Controlling  or  "addres^g"  the  electric  fields  of  veiy  small  points  (pixels)  arranged  in 
large  display  areas 

Also,  LCDs  support  sharper  lines  in  that  each  picture  element  (pixel)  functions  digitally.  LCI>s 
do  not  suffer  from  the  loss  in  contrast  due  to  the  gradual  decrease  in  light  at  the  edges  of  the 
phosphor. 

LCDs  do  suffer  from  limitations  that  are  less  of  a  problem  for  CRTs.  For  example,  LCDs  possess 
serious  viewing  angle  restrictions.  Typically,  LCDs  have  reduced  contrast  at  viewing  angles  40 
degrees  or  more  from  a  position  dire^y  in  front  of  the  saeen.  Also,  viewing  angle  chromaticity 
shifts  may  occur  and  there  may  be  reductions  in  light  iiUensity.  Current  techirological  research  is 
attempting  to  resolve  these  problems. 

In  terms  of  temporal  performance,  LCDs  do  not  suffer  as  much  fiom  jitter  since  each  pixel  is 
defined  by  a  specific  location  which  is,  therefore,  geometrically  stable  and  does  not  move  from 
firame  to  frame  (Committee  on  Vision  Report,  1983,  p.  95). 

Like  CRTs,  LCDs  are  subject  to  flicker.  Flicker  occurs  in  respoiwe  to  repeated  application  of 
voltage  to  the  crystals.  However,  the  refresh  rate  required  for  LCDs  is  lower  than  that  for  CRTs. 

LCDs  suffer  from  fewer  chromatic  problems.  Unlike  CRTs,  LCDs  are  better  able  to  maintain 
color  over  a  greater  range  of  background  brightness  conditions. 


2.4  ENVIRONMENTAL  ASSUMPTIONS 

Information  transfer  effectiveness  between  user  and  dispby  is  impacted  by  the  environment 
within  which  the  display  is  used.  One  factor  known  to  iidluence  visual  sensitivity  is  tl»e  level  of 
light  adaptation  of  the  eye.  At  mediunr  and  l\igh  levels  of  ambient  Illumination,  Uie  cone  system 
of  Uie  retina  dominates  perceptual  detection  and  discrimitwlloa  SiiKe  the  pilot  has  available 
artificial  sources  of  light,  the  assumption  luis  been  nuide  Uut  the  pilot's  eyes  are  always  suffi- 
dently  light  adapted  to  support  U^e  cone  system.  It  should  be  noted,  however,  tlvit  in  extrente 
cases,  as  when  tlie  pilot  does  not  make  use  of  these  artificial  light  sources,  or  when  U\e  pilot's 
eyes  are  in  the  midk  of  light-adapting  (which  nujy  take  on  the  order  of  several  nfinutes),  sensitiv¬ 
ity  to  retiiui  illumination,  spectral  composition,  oiui  spatial  discrimination  will  be  adversely 
affected 

the  ability  to  detect  snrall  detail  by  means  of  the  cone  system  is  also  dependent  upon  the  posi¬ 
tion  of  the  display  relative  to  the  visual  system.  Although  the  exact  location  of  the  elcKtronic 
dispby  in  the  cockpit  has  not  yet  l>een  detennined,  it  is  expected  tlvit  the  user  will  be  able  to  look 
directly  at  the  screen  using  foveal  rather  tivm  peripheral  vision.  Where  ttvis  assumption  is  suspect 
is  in  situations  where  the  pilot  is  actively  searehing  for  a  piece  of  information  on  the  display 
which  is  in  an  unkitown  location  Here  peripheral  vision  nviy  assist  in  diraiing  one's  gaze 
toward  a  sought  after  Uent  Considerations  of  visual  seaiclr  are  discussed  bi  Clrapters  3  through 
7  of  this  Handbook. 

A  few  assumptions  concerning  the  cockpit  environment  should  be  mentioned.  Tlus  assumptions, 
which  have  guided  Uieairalyses  described  in  Utis  i-iandbook  iirclude: 
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•  The  distance  from  the  instrument  approach  plate  to  the  pilot's  eyes  is  assumed  to  be 
approximately  75  cm. 

•  Vibration  of  both  the  display  and  the  pilot  is  a  frequent  occurrence.  How  this  affects 
visual  performance  is  unclear  and  is  an  area  in  ne^  of  further  research,  but  lAP  chart 
designers  should  be  aware  that  vibration  will  almost  assuredly  degrade  performance 
at  the  extremes  of  detection  and  acuity  to  some  degree.  It  is  not  possible  to  provide 
specific  correction  factors  required  for  designing  adeqxrate  paper  or  electronic  displays 
that  will  be  usable  in  spite  of  vibration.  The  lAF  chart  designer  can  orrly  assume  that 
visual  performance  degradation  will  occur  and  attempt  to  compeirsate  by  using 
display  values  that  supersede  those  recommended  for  displays  used  under  less  strenu¬ 
ous  enviroTunental  conditiotrs.  This  mearrs,  for  example,  that  critical  information  (e.g. 
approach  trame,  inbound  heading,  minimum  descent  altitude)  should  be  presented 
using  larger  type  sizes. 

•  The  pilot  is  assumed  to  be  engaged  in  a  multiple  task  situatioa  The  consequences  of 
multiple  tasks  for  the  design  of  chart  displays  is  unclear.  At  the  very  least  it  is  assumed 
that  the  pilot  refers  to  the  lAP  chart  briefly  ^fore  moving  on  to  other  visual  tasks.  The 
multiple  task  situation  means  that  the  applicability  of  display  standards  intended  for 
the  office  environment  must  be  treated  with  caution.  Tire  office  worker  is  assumed  to 
use  the  display  for  substantial  periods  of  time.  Coirsequently,  issues  of  prolonged 
display  viewing  are  critical  The  lAP  clrart  user,  ii\  contrast,  is  assumed  to  use  tlris 
display  for  brief  periods  of  tinre.  Instead  of  prolonged  viewing,  the  lAP  drart  user 
must  able  to  quickly  adapt  Iris/her  visual  system  to  the  conditions  provided  by  tire 
display.  Comfortable  viewing  for  long  periods  of  time  is  not  the  objective.  Rapid 
adaptation  in  support  of  brief  lookurg  at  the  display  before  shifting  the  eyes  to  some 
otlrer  viewing  location  is  on  inrportoirt  requiremcirt,  altlrough  its  exact  implications  in 
temrs  of  standards  is  not  yet  dear. 

•  The  range  of  cockpit  lunrinance  conditiotrs  is  likely  to  be  large.  Evaluation  of  display 
quality  must  address  the  problems  drat  arc  likely  to  arise  as  a  result  of  especially  bright 
light  striking  Utc  display  surface. 

Tiro  next  three  sections  review  display  perfomrance  slairdards  for  paper,  CRT,  and  LCD  media. 
Tlrese  standards  have  been  derived,  to  the  extetrl  possible,  to  take  urto  accouirt  Ore  coirsequeirces 
of  the  enviroiuncntal  factors  just  described.  Three  types  of  stairdards  are  addressed:  spatial 
temporal  and  chromatic 


2S  SPATIAL  VISION 

This  section  reviews  thedispby  performance  factors  tirat  affect  spatial  vision  aird  the  cotrdilions 
that  are  required  to  support  the  ability  of  the  visual  system  to  adequately  detect  infomratlon 
presented  on  the  screen.  The  most  crttical  spatial  vision  variables  are: 

•  Resolution 

•  Luminance 
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•  Contrast 


«  Luminance  Uniformity 

•  Contrast  Polarity 

•  Convergence  and  Focus 

•  Symbol  Alignment 

•  Anti-Aliasing  and  Shades  of  Gray 

•  Viewing  Angle 

2.S.1  Resolution  (Paper,  CRT,  LCD) 

The  image  quality  of  a  display  is  usually  associated  with  the  resolution  that  can  be  supported  by 
that  display.  Resolution  directly  impacts  the  sharpness  and  clarity  of  the  displayed  image  in  that 
it  measures  the  number  of  individual  pixels  that  can  be  selectively  controlled  or  written.  Resolu¬ 
tion  is  usually  measured  in  dots  per  inch  (dpi)  or  dot  density. 

For  a  display  with  a  given  size,  resolution  would  appear  to  be  a  function  of  two  factors:  the 
number  of  pixels  that  can  be  controlled  and  the  size  of  those  pixels.  The  first  factor,  number  of 
pixels  that  can  be  conhoUed,  is  tl\e  Ihniting  factor  that  determines  the  achievable  screen  resolu¬ 
tion.  Fbr  this  reason,  manufacturers  typically  specify  the  nu  jnber  of  rows  and  columns  of  U\e 
SCTeen.  For  exantple,  common  text  editing  displays  have  an  array  of  pixels  with  480  rows  by  640 
columns  while  entertainment  a)Ior  television  is  usually  480  tows  by  320  columns. 

In  order  to  calculate  the  pixel  density  of  an  electronic  display,  the  size  of  tlie  saeen  (in  inches)  and 
the  total  number  of  pixels  must  be  known.  Dividing  the  number  of  pbcels  by  Ute  size  of  the 
screen  produces  tlie  number  of  dots  per  inch.  Current  high  resolution  screens,  either  LCD  or 
CRT,  are  typically  in  the  range  of  150  to  200  dots  per  inch  in  black  and  white.  Paper  media,  in 
contrast,  are  usually  300  to  600  dots  per  inch.  Pluche  and  Hansnvin  (1990)  argue  that  a  resolution 
of  600  dots  per  inch  does  not  significantly  improve  perfomtance  beyond  Utat  acMeved  witlt  a  300 
dot  per  inch  resolution.  If  tWs  conclusion  is  correct,  existing  LCD  and  CRT  displays  must  im¬ 
prove  thdr  resolution  by  a  Victor  of  about  two  in  order  to  achieve  the  resolution  level  used  wUh 
exislit^IAP  charts. 

None  of  the  retdewed  standards  provides  a  rocon'meiuied  value  for  screen  resolution.  The 
reason  is  likely  to  be  that,  given  existing  resolution  capabilities,  the  recomntendaUon  is  always  to 
seek  the  greatest  resolution  possible  at  a  reasonable  cost.  Rather  than  specifying  minimum 
resolution  performance  standards,  it  is  probably  more  important  to  empha^  the  consequences 
of  using  a  ^play  tlvat  does  not  have  the  resolution  of  current  lAP  paper  charts.  The  implication 
is  tivat  electronic  dispbys  wQl  be  unable  to  simply  reproduce  existing  paper  charts.  Compensa¬ 
tion  for  the  lower  re^ution  levels  will  require  the  use  of  larger  diaracters  and  symbols,  the 
obvious  consequerkCe  beii^  that  rrot  all  of  the  information  currently  presented  m  a  paper  chart 
will  beable  to  appewon  a  single  eleebemk  saeen^ 
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Resolution  on  CRT  or  LCD  screens  should  be  as  high  as  achievabie  for 
electronic  media  up  the  standard  used  for  paper.  For  the  unaided  observer,  the 
critical  test  is  whether  the  sizes  of  alphanumeric  characters  and  symbols  that 
are  actually  used  is  sufficient  to  compensate  for  the  lower  resolution  level 
available  for  the  selected  displays.  For  paper,  an  effective  resolution  of  300  dpi 
(print  quality  of  600  dpi}  has  proven  to  be  acceptable. 

Z52  Luminance  (CRT,  LCD) 

Display  quality  is  also  impacted  by  the  mean  luminance  of  the  screen,  the  perceptual  correlate  of 
which  is  perceived  brightness.  Luminance  has  its  strongest  influence  on  the  ability  of  the  visual 
system  to  detect  the  detailed  information  required  to  differentiation  alphanumeric  characters  and 
symbols.  Insufficient  luminance  levels  must  be  compensated  for  by  increasing  the  size  of  small 
objects. 

Luminance  levels  must  also  take  into  account  the  background  lighting  provided  by  the  environ¬ 
ment  in  which  the  display  is  used.  In  a  dark  environment,  a  screen  with  high  mean  luminance 
will  dominate  the  visual  scene  and  cause  other  devices  to  be  masked  out.  Oiie  reason  for  tlris  is 
the  effect  tlie  bright  light  from  the  screen  Iras  in  influenciirg  the  light  adaptation  of  the  eye.  If  the 
eye  adapts  to  the  bright  light  of  tire  screen,  its  adaptation  level  with  resp^  to  the  background 
environment  will  be  incorrect.  It  is  also  possible  for  a  saeen  to  be  so  bright  tlrat  it  inrpairs  tire 
identihcation  of  chaiacters  on  its  owir  surface. 

A  screen  with  insufficient  nreatr  luminance  will  be  unreadable  in  high  ambient  illunrination.  hr 
the  cockpit  environment,  where  anrbient  illunrination  can  reach  100,000  lux,  tire  bright  anrbient 
light  can  "waslr  out"  tire  screeir,  especially  when  CRTs  are  used. 

One  solution  to  this  problem  is  to  use  displays  which  are  capable  of  adjusting  their  mean  lunri- 
nairce  In  resporrse  to  clratrging  cockpit  illunriiration.  Even  if  autonratic  lunriirairce  control  is 
provided,  however,  manual  corrtrol  of  screen  brightness  should  be  available  to  the  user.  Tlrls 
requirement  for  nviirual  luminance  control  is  ra'omnretrded  by  all  of  tire  aviation  statrdards  Urat 
were  reviewed  (see  Table  2-1). 

The  recommendation  for  nranual  arntrol  over  lunriivince  levels  does  trot  specify  tire  rattle  of 
lunrinance  levels  tlrat  should  be  supported  by  the  display.  Tables  2-2  and  2-3  list  tire  reconr- 
nreirdcd  lunriirance  ranges  derived  from  theavlrtion  and  office  stairdards.  Tire  office  staardards 
should  be  used  with  great  care  in  tlrat  the  range  of  luirriiraiKe  conditions  fouird  iir  tire  office 
environment  is  much  less  extreme  thoir  tlrat  of  the  cockpit  envirosmreirt. 

Tables  2-2  and  2-3  show  that  the  nrajority  of  stoirdards  recomirrend  tlrat  the  lunrhvtiKe  level  be 
"sufficient."  Only  rarely  is  the  range  of  desired  lunriiuince  values  specified.  However,  one 
document  has  suggested  tlrat  tire  screen  brightness  for  a  cockpit  QiT  must  range  from  0.1  -  200 
fL  to  meet  military  specifications  (Plucltc  &  liansnrair,  1990). 

Although  specific  maxinrurnaird  minimum  lunriiurnce  values  are  rtxronrmeirded  ur  ARl*  1874,  it 
is  inrportairt  to  note  tlrat  tlris  range  of  values  refers  to  lumitrance  levels  for  each  pure  color 
displayed  (e.g.  rtxl,  green,  and  blue)  aird,  tirerefore,  is  only  applicable  to  color  CRTs.  The  ntaxi- 
nrum  luminance  levels  reconmiesrded  ore  as  follows: 


Table  2-1.  Aerospace  recommendations  reviewed  for  CRTs 


ARINC  =  Aeronautical  Radio^  Inc. 

ARP  =  Aerospace  Recommended  Practice 

AS  =  Aerospace  Standard 

MIL-STD  =  Military  Standard 

ARINC  725-1 

Electronic  Flight  Instruments  (EFI) 

ARP  1874 

Design  Objectives  for  CRT  Displays  for  Part  25 
(Transport)  Aircraft 

ARP  4032 

Human  Engineering  Coirsiderations  in  the  Application 
of  Color  to  Electronic  Aircraft  Displays 

ARP  4102 

Flight  Deck  Panels,  Controls,  and  Displays 

ARP  4102/7 

Electronic  Displays 

ARP  41.55 

Human  Interface  Design  Methodology  for  Integrated 
Display  Symbology 

AS  8034 

Minimum  Performance  Standard  for  Airborne 
Multipurpose  Electronic  Displays 

MiL-STD-1472D 
(CRT  Section) 

Human  Engineering  Design  Criteria  for  Military 

Systems,  Equipment  and  Facilities 

Symbol  Lines 

Red  48cd/mMl4fL) 
Giecin  103cdAnM30a.) 
Blue  17cd/m*(5a^ 

Based  on  0^  ntr  line  width. 


Area  Subjects 

93cd/m’(2.7fL) 

20cd/mM5.8fL) 

3.9cd/in»a.l5fl-) 


Mininumi  luminance  levels  are; 
Symbol  Lines 


Area  Subjects 


Red  0.192  cd/mM0.056fL) 
Green  0.420  cd/m*  (0.120  fL) 
Blue  Oi)5Scd/mnOB24iU 


0.1 13  cd/m’ (0.033  fL) 
0.247  cd/mM0.072fL) 
0.(Mlcd/inU0012tL} 
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Table  2*2.  Recommendations  for  mean  luminance  values  for 
VDT  workstations. 


Source 

Mean  Luminance 

Conditions/Comments 

Goirell  (1980) 

85cd/m* 

Snyder  &  Maddox  (1978) 

65cd/m* 

Cakir  et  al.  (1980) 

45  cd/iv?  minimum 

80-160  cd/m*  preferred 

ANSI/HFS  Standard 
(1988) 

2:35cd/m* 

IBM  (1984) 

35cd/m* 

for  character  sizes  of  16 
min  of  arc 

SlnirUeff(1980 

lOftL. 

Manual  conb'ols.  either  in  conjunction  with  or  Independent  of  automatic  controls, 
should  be  made  available  to  the  user  to  vary  mean  screen  luminance.  The 
appropriate  screen  luminance  range  will  be  dependent  upon  the  contrast  ratio 
and  size  of  displayed  symbology,  hence  a  minimum  value  cannot  be  specified. 
However,  a  range  of  0.1  to  200  /L  has  been  suggested.  For  the  unaided 
observer,  the  range  of  available  luminance  levels  should  be  sufTicient  to  handle 
the  range  of  ambient  lighting  conditions  likely  to  be  tound  In  the  cockpit 
environment.  Sufficient  luminance  and/or  chromatic  difference  should  always 
be  available  to  support  discrimination  between  all  symbols,  characters,  and 
backgrounds. 


ARP  1782  describes  the  photometric  tecimiqucs  fordetemUning  screen  luminance  levels.  Visual 
conditions  for  evaluating  lumurance  levels  are  described  in  Advisory  Circular  25*1 1 .  Displays 
should  be  evaluated  under  four  liglUing  ccmditlons: 

«  Direct  sunlight  which  reaches  the  display  through  a  side  cocl^it  window. 

•  Sunlight  conring  through  a  front  rvindow  which  illuminates  a  white  shirt  then  reflects 
onto  Ore  display. 


22 


Table  2-3.  Aerospace  recommendations  for  screen  mean  luminance. 


Source 

Recommended  Mean  Luminance 

ARINC  725-1 

Display  symbology  should  be  clearly  readable  under  all 
ambient  lighting  levels  ranging  from  night  time  conditions  up 
to  and  including  an  Ulumination  of  86,400  lux. . . 

ARP  1874 

Shall  be  sufficient  to  provide  a  comfortable  level  of  viewing 
with  rapid  adaptation  when  transitioning  horn  looking  outside 
cockpit. 

ARP  4102 

The  iitiformation  shall  be  presented  with  the  accuracy, 
legibility,  and  readability  required  for  error-hee  control  of  the 
aircraft  in  all  nonnal  and  abnormal  flight  situations. 

ARP  4102/7 

Shall  not  cause  eye  strain;  shall  be  legible  under  all  lighting 
conditions 

AS  8034 

Shall  be  sufficient  to  provide  a  usable  display  under  the 
maximum  ambient  illumination  level; 

Shall  be  sufficient  for  the  display  to  perform  its  intended 
function. 

MIL-STD-1472D 

The  ambient  illuminance  shall  not  contribute  more  than  25%  of 
screen  brightness  through  diffuse  reflection  and  phosphor 
excitation,  A  control  shall  be  provided  to  vary  the  CRT 
luminance  from  10%  of  minimum  ambient  luminance  to  full 

CRT  luminance. 

•  Sunlight  above  the  horizon  in  front  of  the  airplane  and  above  a  dond  daJi  which 
readies  the  pilot's  eyes.  Tliis  situation,  because  of  its  frequency  and  duration  of  occur¬ 
rence,  is  considered  the  most  ciiticalty  in  need  of  evaluation. 

•  Night  or  dark  Ughting  conditions  wliich  require  tiie  brightness  levels  of  the  display  to 

be  sufftdently  adjustable  (le  can  be  to  ensure  tliat  outside  vision  is  not 

inhibited. 
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233  Lum!iiance  Contrast  and  Contrast  Ratio  (Paper,  CRT,  LCD) 

2.5.3.1  Eiectronic  Oispuys 

Resolution  and  luminance  both  affect  the  ability  of  the  visual  system  to  detect  small  detail.  A 
third  factor  is  luminance  contrast,  the  brightness  contrast  between  characters  or  symbols  on  a 
display  aid  the  background  against  whi^  those  items  appear. 

Although  a  number  of  measures  of  contrast  have  been  used,  contrast  ratio,  expressed  as  a  ratio 
such  as  10:1,  is  probably  the  most  commonly  used: 

Contrast  Ratio  = 

Luminance  differences  are  not  the  only  possible  source  of  contrast.  The  human  visual  system  is 
also  sensitive  to  chromatidty  (or  color)  differences.  Luminance  aid  chromatidty  differences  are 
independent  factors  that  may  be  used  alone  or  in  combiivition  to  differentiate  symbols  ffom  their 
back^und.  For  example,  a  triangle  on  a  colored  screen  will  be  undetected  if  it  is  equal  in 
brightness  and  color  with  the  background.  However,  by  varying  either  of  these  dimensions, 
idenUficktion  of  the  symbol  becomes  possible.  Chromatidty  differeiKes  will  be  discussed  in 
Section  2.7.  Hiis  section  focuses  on  luminance  differences. 

The  amount  of  luminance  contrast  needed  for  error-ffee  performance  is  a  function  of  a  number 
of  parameters.  Among  these  are  symbol  size,  reflected  illumination,  and  the  training  and  biases 
of  the  observer.  Given  the  large  number  of  mfluendng  factors,  spedfication  of  a  minimum 
luminance  contrast  ratio  for  all  flight  situations  is  not  possible.  Table  2-4  lists  the  recommended 
performance  standards  for  displays  intended  for  use  in  the  aviation  environment.  Qraracteristic 
of  these  recommendations  is  their  lack  of  specifidly.  1*  U  likely  that  specific  reconunendations 
have  not  been  made  for  a  number  of  reasons,  including  the  increased  costs  of  errors  associated 
with  reading  oiioaft  displays  and  the  rottgc  of  environmental  conditions  likely  to  be  found  hr  the 
cockpit 

The  reconrmended  contrast  ratios  for  CRTs  used  in  Ure  office  errvirorurrent  are  presented  in  Table 
2-5.  Although  actual  ratios  are  provided,  the  rairge  of  values  does  not  provide  substanUally 
greater  gui^itce  infomratioa  Since  it  is  probably  wise  to  be  conservative,  and  because  this  is  not 
a  difficult  level  for  current  technologies  to  reach,  a  minimum  contrast  ratio  of  20:1  for  direct 
viewing  and  10:1  for  any  other  eye  position  would  appear  to  be  suitable  in  ambient  lighting 
conditions  ranging  from  0.1  to  8000  Iumen5/ff^  Fur  segmented  displays  with  activate  seg¬ 
ments,  the  activated  segments  should  havcacontrast  ratio  with  tire  hnmidiate  background  of 
2:1.  For  unacUvated  segments,  them  should  be  no  greater  Uran  1.151  (Green,  1992). 


For  CRTs  and  LCDs,  a  minimum  H  nlnance  contrast  ratio  of  20:1  for  direct 
viewing  and  10:1  for  all  ottier  viewing  situations  Is  desirable.  For  segmented 
displays,  the  contrast  ratio  should  be  2:1  for  activated  segments  and  1.15:1  (or 
unactivated  segments.  For  the  unaided  observer,  the  disi^ay  should  be 
evaluated  under  a  range  of  cockpit  environment  conditions  to  ensure  that 
suflldent  luminance  contrast  is  always  possible. 
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Table  2-4.  Aerospace  recommendations  regarding  luminance  contrast 


Source 

Contrast  Ratio 

Comments/Conditions 

ARP  1874 

Dispbyed  symbology  shall  be 
distinguish^  from  its  background  from 
other  symbols  by  means  of  luminance 
differences  or  chromaticity  differences^ 
or  both,  in  all  ambient  conditions 
defined  (by  ARP  1874). 

ARP  4102 

The  information  shall  be  presented  with 
the  accuracy,  legibility,  and  readability 
required  for  error-free  control  of  the 
aircraft  in  all  normal  and  abnormal 
flight  situations. 

ARP  4102/7 

Shall  be  legible  under  all  lighting 
conditions. 

AS  8034 

Ii\  all  cases  the  luminance  contrast 
and/or  color  differences  between  all 
symbols,  characters,  lines,  or  all 
backgrounds  shall  be  sufficient  to 
preclude  confusion  or  ambiguity. .. 

MIL-SrD-l472D 

Contrast  adjustment  stiall  not  be 
included  in  flight  deck  displays  because 
they  ore  disallowed  by  FAA  rogubtions. 

There  are  several  procedures  for  measuiiug  electronic  dispby  lumUmce  and  contrast.  Chie 
method  is  to  turn  the  dispby  off,  measure  the  tunriiwnce,  then  measure  a  large  area  of  the  screen 
%vith  all  of  the  pixels  tunKxi  ott  Ihis  is  an  extreme  measure  aiul  tlvore  are  optical  and  electronic 
reasons  that  suggest  Uris  approach  nray  not  provide  the  actual  lun^jiance  levels  appropriate  for 
defming  symbol/background  contrast  (IBM,  1984).  Tlte  technical  literature  suggests  tiut  a  nrore 
appropriate  nreasure  nray  be  to  display  several  alplumumeric  clraracteni  (for  example,  several 
'*iV''s>.  lire  background  value  is  measured  from  the  center  of  the  non»Uluminated  area  between 
the  vertical  strokes  ef  adpeent  *^"s.  Tlu?  liigh  contrast  value  is  Uien  measured  from  the  center  <rf 
the  illuminated  stroke  of  one  of  the  capital  "W^s.  Typically,  the  contrast  ratio  obtaiiwd  in  this 
nvumer  is  much  simller  than  Uic  value  obtained  by  brge  area  meosurenwnts.  However,  tiris 
second  approach  better  represents  the  aciusd  contrast  used  by  Uie  eye  to  detect  Ure  separation 
between  choractcis  dBM,  19S4X 
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Table  2-5.  VDT  recommendations  for  luminance  contrast  values. 


Source 

Contrast  Ratio 

Conditions/Comments 

Gorrell  (1980) 

^4;i 

German  Safety  Standards 

3:1  to  15:1 

6:1  to  10:1  preferred 

Deutsches  Institut  fur 
Normungen  (1982) 

3:1  to  15:1 

6:1  to  10:1  preferred 

Snyder  &  Maddox  (1978) 

2:3:1 

>15:1  preferred 

Cakir  et  al.  (1980) 

>3:1 

8:1  to  10:1  optimum 

ANSI  Human  Factors 
Standard  (1988) 

3:1 

7:1  preferred;  accurate  for 
character  sizes  from  10  to 

20  min.  of  arc 

IBM  (1984) 

3:1 

15:1  preferred;  accurate 
for  character  sizes  of  16 
min  of  arc 

Shurtleff(1980) 

18:1 

in  certain  situations  can 
be  as  low  as  2:1 

Because  of  the  substantial  differences  in  contrast  ratio  value  Hut  can  be  obtained,  depending 
upon  the  measurement  approach  used,  care  must  be  taken  in  accepting  a  manufacturei's 
claims  about  contrast  ratio  and  luminance  values.  ARl*  1782  should  be  omsulted  befotecon- 
ducting  photonulrU:  nreasunmrents  of  contrast  or  conuast  ratio. 

2,SJ12  PapcrOispuys 

A  recommended  nuiumum  contrast  ratio  standard  for  papf  v  approach  plates  is  diiTurult  to 
obtain.  The  Fifth  Edition  (1990)  of  the  Low  Altitude  Instrument  Approach  Procedures  (lACC  Mo. 
4)  states  that  "AH  symbols  shall  be  printed  hr  black,  prinrary  infomralion  shall  be  a  solid  color, 
and  secondary  infomuUon  shall  be  screened  in  a  1!^  line  / 15%  of  color  format"  The  specific 
nature  of  this  recommendation  obscures  the  fact  that  It  does  not  specify  a  minimum  contrast 
ratio.  Different  inks  on  different  types  of  paper  will  result  in  different  contrast  ratios  even  if  these 
s^edfications  are  followed.  Of  some  help  is  die  fact  that  lAOC  No.  4  does  indicate  which  pieces 
infonnation  are  to  have  relatively  less  contrast.  This  is  accomplished  by  specifyiiig  varying 
screen  pextentiges  (e.g.  12)  line/15%,  120  line/45%,  etc.). 

In  contrast  to  tliese  recommendations,  the  Eighth  Edition  (July,  1985)  of  the  International  Stan¬ 
dards  and  RecoQuirended  l^acUt^s  for  Aeronautical  Charts  (Annex  4),  developed  by  the  Interna- 


tional  Qvil  Aviation  Oi^ganization,  states  that  "Colours  or  tints  and  type  size  used  shall  be  such 
that  the  chart  can  be  easily  read  and  interpreted  by  the  pilot  in  varying  conditions  of  luitural  and 
artificial  light"  (p.  5).  Hus  general  comment  is  not  supplemented  by  additional  detail  in  the  rest 
of  the  document 

Because  these  documents  are  not  specific  with  regard  to  a  minimum  contrast  ratio  necessary  for 
paper  presented  instrument  approach  procedure  charts,  only  a  very  general  conclusion  can  be 
reached 


For  paper  displays,  lAP  charts  should  be  printed  with  sufficient  contrast 
between  the  characters  and  their  baciground  that  they  are  easily  read  in  ali 
viewing  situations. 


25.4  Luminance  Uniformity  (CRT,  L(^} 

Luminance  uruformity  or  its  coi\verse,  luminance  «on-uniformity,  can  refer  to  two,  somewhat 
different  aspects  of  electronic  displays.  Large  area  non-umformity  is  the  gradual  change  in 
luminartce  or  color  from  one  area  of  the  display  to  another  (Snyder,  1 980).  Small  area  non- 
urriformity  refers  to  the  lack  of  consistency  in  color  or  luniliumce  of  adjacently  written  areas  (e.g. 
the  area  across  one  arm  of  the  letter  "E").  Although  Uiere  is  little  performance-related  data 
available  on  either  of  U\ese  Issues,  recomn\endations  liave  been  nuide  cona'ming  acceptable 
bige  area  non-uniformities  (see  Tables  2-6  and  2-7).  Because  there  is  no  obvious  reason  to  sus¬ 
pect  that  effects  of  luminance  uniformity  will  be  differeiU  for  LCD  versus  CRT  dispbys,  the  CRT 
literature  will  becoirsidered  applicable  to  LCDs. 

The  standards  listed  in  Tables  2-6  and  2-7  are  reasonably  consistent  in  Ureir  recommendation  that 
varfatlon  should  be  xu)  greater  than  20%.  However,  additional  reseaiith  is  needed  in  tltis  at  lia. 


Table  2-6.  Aerospace  xecommendations  for  acceptable  targe  area  non-tmiformitias. 


Source 


Luminance  Unifonirity 


Comments/Conditions 


AKIKC  725-1 


MIL-STD-1472D 


AS  6034 


vary  <20%;  no  random 
flare-ups 


ratio  of  standard  deviation  to 
mean  lununance  shall  not  be 
more0.2S 


<30%  within  useful  dispby 
area,  or  <20%  within  central 
80%  of  useful  dispby  area 
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Table  2-7.  VDT  recommendations  for  acceptable  large  area  non-uniformities. 


Source 

Luminance  Unifonnity 

Comments/Conditions 

ANSI  Human 

Factors  Standard 
(1988) 

{ (LP^**  ~  L**"*®')  /  }  <  0.5; 

or  va:y  <=  50% 

see  document  (p.  67)  foi 
locations  of  point  X 

Snyder  (1980) 

vary  ^0% 

'i 

L _ _ _ _ _ 

value  given  for  4 

With  regard  to  small  area  non-imiformitits,  two  of  the  reviewed  documents  have  specific  recom¬ 
mendations.  ARP  1874  recommends  that  "Symbol  lines  of  a  specified  color  and  luminance  shall 
be  uniform  in  width  to  (within)  0.35  milliradians  over  the  useful  saeen"  (p.  5).  This  recommen¬ 
dation  is  specifically  for  line  width  unifonnity.  From  the  VDT  literature,  the  American  National 
Standards  Institute  (1988)  recommends  that  "Unintended  luminance  variations,  within  half  a 
degree  of  arc,  calculated  from  the  design  viewing  distance  anywhere  on  the  display,  shall  be  less 
than  50  perte:  t"  (p.  25)  [bold  in  original]. 


For  the  unaided  observer,  non-uniformities  in  brightness  or  color  on  CRT  or 
LCD  displays  shaii  not  be  present.  When  varying  the  luminance  of  the  display 
from  minimum  to  maximum,  the  relative  luminance  of  all  characters,  symbols, 
and  backgrounds  should  be  visually  constant.  Employing  photometric 
technic|ues,  a  large  area  non-uniformity  of  less  than  20%  is  acceptable.  For 
luminance  variations  within  half  a  deg.'’ee  of  arc,  50%  or  less  is  acceptable. 


See  AJRP 1782  for  a  discussion  of  photometric  techniques  for  determining  luminance  uniformity. 
2.53  Contrast  Direction/Contrast  Polarity  (F^per,  CRT,  LCD) 

23.5.1  Electronk;  Displays 

Contrast  direction  and  contrast  polarity  refer  to  the  direction  of  the  luminance  difference  be¬ 
tween  the  symbol  and  its  background.  .screen  having  a  dark  image  (symbol)  on  a  bright 
background  is  referred  to  as  having  a  positive  polarity  or  negative  contrast.  The  reverse  (bright 
image  on  a  dark  background)  is  term^  negative  polarity  or  positive  contrast.  The  literature  is  not 
consistent  as  to  whether  positive  or  negative  conhast  is  prefened  (IBM,  1984;  Committee  on 
Vision  Report,  1983).  For  example,  "CRT  displays  on  wWch  dark  characters  are  presented  on  a 
light  background  appear  to  minimize  the  effect  of  reflection  on  the  VDT  user's  screeit,  but  such 
displays  may  require  a  higher  refresh  rate  in  order  not  to  appear  to  flicker"  (An\erican  National 
Institute  for  Standards,  1988). 


This  statement  is  suggestive  of  one  reason  why  a  consistent  recommendation  has  not  been  made. 
Polarity  is  impacted  by  a  number  of  factors,  including  glare,  flicker,  background  lumiirance,  and 
user’s  Ught  adaptation  level.  If  positive  polarity  is  used,  its  brightness  level  should  not  be  so  high 
as  to  wash  out  surromxling  displays/surfaces,  or  to  impact  the  light-adaptation  level  of  the  user. 
Consequently,  decisions  as  to  polarity  must  consider  the  performance  level  of  the  display  (can 
the  greater  likelihood  of  flicker  occurring  be  controUed)  and  the  general  lighting  conditions  of  the 
coclqjiL 

Only  one  of  the  reviewtKi  aerospace  documents  provides  a  specific  recommendation  coixeming 
contrast  direction/polarity.  MIL-STE>-1472D  specified  that  "Pictorial  or  situation  data  such  as 
plan  position  .indicator  data,  shall  be  presented  as  luminous  symbols/dark  background"  (Section 
5«2.4.9).  This  recommendation  may  interpreted  to  mean  that  lAP  charts  should  be  displayed 
with  dark  backgrounds.  It  is  not  dear,  however,  that  this  condusion  is  adequately  supported.  In 
fact,  some  researchers  of  aviation  charts  (e.g.  Taylor  &  Hopkin,  1975)  dearly  recommend  the  use 
of  positive  polarity  because  of  the  specific  requirements  such  cliarts  have  to  present  legible 
symbols  and  to  code  land  surface  heights.  The  VDT  literature,  in  contrast,  appears  to  be  far  from 
unequivocal  on  the  issue  (see  Table  2-8). 

Because  of  the  potential  need  to  represent  land  surface  heights  and  other  continuous  forms  of 
infoniration,  a  recommendation  is  made  here  to  use  positive  polarity.  This  recommendation  is 
based,  however,  on  the  assumption  that  those  factors  negatively  impacted  by  the  use  of  positive 
polarity,  such  as  flicker,  can  be  adequately  handled. 


For  CRT  and  LCD  formats,  positive  polarity  is  probably  preferred  because  of 
the  unique  information  format  requirements  of  lAP  charts. 


2.5.52  Paper  Dtsplays 

With  regard  to  the  paper  pr^nlation  of  lAP  charts,  both  comrnoir  practice  and  the  relevant 
national  stan  tdaids  spedfy  tlut  contrast  direction  sliould  be  dark  (black)  symbols  on  a  Ught 
background. 


Contrast  direction,  on  paper,  should  bo  dark  symbols  on  a  light  background. 


2.5.6  Convergence  and  Focus  (CRT) 

ARP  1874  and  AS  8034  sfate  tIuU  liires,  symbols,  and  character  should  Itave  no  tails,  squiggles, 
skews,  gaps  or  bright  spots.  Also,  the  color  of  a  Une  or  syn^bt)!  should  always  be  obvious.  In 
essence,  this  means  tlwt  cltameters  and  symbols  should  possess  high  symlx)!  quality.  Symibol 
quality  tan  be  a  problem  for  CR  Ts  because  of  the  use  of  electron  guns  for  writUig  images  on  the 
screen.  Improper  focusing  of  the  electron  gun  cair  cause  blurring.  If  several  electron  guns  are 
used  with  a  patterned  screen,  blurring  can  result  if  th<.  electron  guns  do  not  properly  converge. 
Descriptiorrs  of  photometric  teciuriques  foi  measuring  nrisconvergence  ortd  geometric  distoriion 
are  provided  in  ARP  1781 
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Table  2-8.  VOT  Recommendations  for  Contrast  Direction/Polarity 


Source 

Contiost  Direction/Polarity 

Comments/Conditions 

Shurtleff(1980) 

Either 

Should  have  manual 
control  of  polarity. 

Rey  &  Meyer  (1977) 

Negative  contrast  preferred 

Negative  contrast  equals 
dark  symbol  on  bright 
background 

German  Safety 
Standards  (1980) 

Negative  contrast  preferred 

IBM  (1984) 

Either 

Cakir,  Reuter,  von 
Schmude  & 
Armbruster  (1978) 

Negative  contrast  preferred 

Fbr  the  ujiaided  observer,  geometric  distortion  and  misconvergence  can  be  assessed  by  noting 
signiHcant  blurring  of  displayed  symbology.  This  evaluation  process  should  include  iUling  the 
saeen  with  characters  in  order  to  evaluate  all  parts  of  tlie  screen.  W’s  and  M’s  are  esj^edally  good 
for  this  purpose  because  they  are  large  letters  that  fill  the  entire  character  space.  Use  of  a  variety 
of  different  symbols  and  fonts  during  the  evaluation  process  should  provide  ^fident  conditions 
for  assessing  convergence  and  focus.  Table  2-9  suggests  that  nrisconvergence,  when  assessed  by 
photomettk  measurement,  should  be  no  greater  Uiw  approxiimtely  .7  milliradians. 


For  the  unaided  observer,  lines,  symbols,  and  characters  should  have  no  tails, 
squiggles,  skews,  gaps  or  bright  spots.  Line  color  should  be  obvious.  Employing 
photometric  measurements,  misconvergence  should  not  be  greater  than  0  J 
miiliradians. 


2,5.7  Symbol  Alignment  (CRT,  LCD) 

Some  of  the  information  in  lAP  charts  is  presented  in  tabular  form  In  oUier  cases,  information 
must  be  aligned  with  the  correct  bbeL  Dispby  media  may  differ  with  respect  to  how  accurately 
symbols  are  aligned  relative  to  each  oUrer.  Table  2-10  presents  the  aerospace  recommendations 
for  symbol  alignment.  There  is  general  coirsetrsus  tlrat  alignment  of  synrbols,  botlr  horizontally 
and  vertically,  should  be  within  0.2  inches.  If  photometric  tools  are  not  available,  the  display  can 
be  evaluated  by  filling  tire  saeen  witlr  draracters,  such  as  M's  or  Ws,  and  assessing  tlreir  appar¬ 
ent  ali^rment 
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Table  2-9.  Aerospace  recommendations  for  convergence. 


Source 

Convergence 

ARINC  725-1 

The  centers  of  any  two  of  the  primary 
color  lines  which  produce  a  composite 
color  line  should  be  converged  within 
0.018  inches  (.5mm)  throughout  the 
entire  display  area  over  the  full 
dimming  range. 

ARP  1874 

Width  of  any  rnisconverged  portion 
shall  be  no  larger  than  the  width  of  the 
desired  color.  Typically...  should  be 
within  0.55  mr  within  the  central  80% 
of  the  screen  aad  0.7  mr  over  the  entire 
saeen  from  any  point  within  viewing 
envelope. 

AS  8034 

(When  a  multiple  gun  or  beam 
penetration  CRT...)  convergence  shall 
be  within  the  average  of  the  line 
vddths.  (When  a  raster  generated 
symbology...)  convergence  shall  be 
within  one  display  line  width  or  0.7 
ntiUiradianP,  whichever  is  greater. 

Conditions/Comments 


To  the  unaided  observer  of  a  CRT  or  LCD.  symbols  which  should  be  aligned 
either  hortontally  or  vertically  shoulo  appear  so  aligned.  Employing  photometric 
techniques,  symbol  alignment  should  be  within  0.2  inches. 


2J5J9  Defects  and  Une  Failures  (CRT) 

LCDs  are  subject  to  failures  of  individual  elements,  resulting  in  tlie  element  remaining  always 
"on"  or  "off."  Similarly,  simple  or  multiple  row  or  colunm  line  failure  can  occur.  At  this  time,  no 
standards  exist  to  defme  n\inimum  failure  standards.  However,  any  defects  that  might  occur 
^ould  not  be  distracting  or  cause  misreading  of  htfomution  presented  on  Uie  display  (Green, 
1992).  Row  or  colutmr  f^ures  siiould  be  m  improbable  occunrence. 

Any  defects  In  display  should  not  be  distracting  or  ^use  information  I 
misreading.  Row  or  column  failures  should  be  Improbable  occurrences,  j 
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Table  2-1 0.  Aerospace  recommendations  for  symbol  alignment 


Source 

Symbol  Alignment 

Conditions/Comments 

ARINC  725-1 

The  error  in  position  in  accuracy  of  one 
symbol  with  relation  to  another  one 
should  not  be  more  than  0.02  in  (.5 
mm). 

ARP  1874 

Shall  be  aligned  at  their  midpoints  to 
within  0.7  mr  from  any  point  within 
the  instrument's  viewing  envelope. 

At  viewing  distance  of 

28  inches  equals  0.02 

Inch 

AS  8034 

Symbols  which  are  interpreted  relative 
to  each  other...  shall  be  aligned, 
including  parallax  effects  throughout 
the  design  eye  viewing  envelope,  to 
preclude  misinterpretation  of 
information. 

2^.9  AntNAIlasIng  and  Shades  of  Gray  (CRT,  LCD) 

Two  critical  parameters  for  representing  high  information  density  on  a  display  medium  are  anti¬ 
aliasing  and  shades  of  gray.  Aliasing  refers  to  the  stair-step  effect  that  can  appear  when  diagonal 
lines  are  portrayed  on  an  electronic  display  This  effect  occurs  because  when  a  pixel  must  be 
either  completdy  on  or  completely  off.  Anti-aliasing  techniques  are  used  to  smooth  out  diagoital 
lines. 

For  CRTs,  aliasing  is  less  noticeable  because  of  phosphor  smoothing,  the  overlap  of  emitted  light 
from  each  phosphor  because  of  their  Guassian  distribution  (see  Section  23.2).  For  curretrt 
however,  aliasing  is  much  more  problematic  because  of  the  uniform  distribution  of  light  enritted 
by  each  pbtel  surface  (Pluche  l^rsman,  1990).  Future  LCDs  nuty  combat  this  problem  by 
lighting  up  parts  of  a  pbcel. 

Although  there  are  no  accepted  standards  for  the  aliasing  problem,  display  evaluation  should 
include  visual  it^pection  ef  diagotial  lines  to  eirsure  that  tiie  dispLiy  will  be  capabk  of  dearly 
presentiirg  lines  in  a  variety  of  different  orientations. 


Lines  aitd  characters  presented  on  CRTs  or  LCDs  should  appear  smoothly 
written  and  contain  no  unwanted  jagged  edges.  Special  attention  should  be 
paid  to  aiigled  lines  drawn  on  LCDs,  which  are  the  most  difficult  to  anti-alias. 


Current  iirstrumcnt  approach  charts  are  printed  with  three  sliades  of  gray.  Transfer  of  lAP  cirarts 
hont  Uie  paper  to  electionic  media  may  require  Uie  capability  to  present  shades  of  gray  on 
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electronic  displays.  Fluche  and  Hansman  (1990)  describe  three  methods  for  generating  gray 
shades  to  be  on  electronic  displays: 

1.  Spatially,  where  resolution  lines  are  combined  to  give  different  gray  shades. 

Z  Sequentially,  wh^  refresh  rates  are  combined  to  give  different  gray  shades. 

S.  Exdtationally,  where  the  emission  is  in  proportion  to  the  excitation  modulation  like  in  tlie 

CRT.  The  modulation  can  be  achieved  by  either  pulse  width,  or  an^plitude,  or  a  combina¬ 
tion  in  the  excitation  signal 

Current  aerospace  recommendations  do  not  specify  a  minimum  gray  scale  capability  for  elec¬ 
tronic  flight  deck  displays.  However,  1 5  gray  levels  are  generally  askimed  to  be  necessary  to 
minimize  antialiasing  and  chromatic  distortions. 


A  minimum  of  15  gray  levels  is  likely  to  be  required  for  near-term  lAP  chart 
electronic  displays. 


Z5.10  Viewing  Ai^le  (CRT,  LCD) 

Viewing  angle,  as  a  contributor  to  display  quality,  refers  to  the  legibility  of  displayed  symbology 
when  the  screen  or  page  is  examined  from  an  angle  oU\er  than  perpen^cular  to  its  face.  Because 
the  orientation  of  a  page  can  be  readily  modified,  viewing  ai^gle  is  not  an  important  factor  for 
paper  displays.  Viewing  angle  is  a  much  more  serious  consideration  for  electronic  displays. 

Tire  Until  of  the  viewing  angle  for  a  particubr  electrojtic  display  is  usually  described  as  the  point 
at  wliich  tlie  contrast  ratio  readies  a  predetermined  lower  Urnit  (Piuche  k  Hansman,  1990).  <3are 
must  be  taken  that  the  manufacturer's  acceptable  minimum  contrast  ratio  mt^ts  or  exceeds  the 
ccriificr's  minimunv 

With  legand  to  a  nunimum  viewing  angle  requirement  for  flight  deck  dispbys  ARBNC  725-1  is 
tlie  most  specific  (see  Table  2-1 1 ).  A  left/right  viewing  angle  of  53/53  degrees  and  an  above/ 
below  viewing  angle  of  35/0  degrees  appears  to  be  siffndcnt,  depending  on  the  location  of  the 
electronic  lAP  rebtive  to  tlie  user.  If  the  electronic  lAP  cliart  b  to  be  incorporated  into  tlie 
primary  Elecironic  Flight  Instrument  System  (EFIS),  these  angles  are  probably  adequate.  IHace- 
nient  in  other  locations,  however,  might  requim  extreme  viewing  angles  in  one  direction  or 
aiioilier.  In  addition,  simultaneous  viewing  by  otiier  crew  niembeis  may  require  furtlier  niodifi- 
cations  of  viewing  angle  minimums. 


At  present,  LCDs  have  Uie  greatest  difficulty  in  meeting  viewing  angle  requirements.  Special 
attention,  therefore:,  sliould  be  paid  to  viewing  angle  when  assessing  Uie  adequacy  of  any  LCD 
lAI^dispby. 
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Table  2-11.  Aerospace  recommendations  for  viewing  angle. 


Source 

Viewing  Angle 

Conditions/ Comments 

ARINC  725-1 

Should  be  designed  for  a  minimum 
viewing  angle,  from  the  normal  line,  of 

53  deg  left,  53  deg  right,  35  deg  above, 
and  0  deg  below. 

ARP  1874 

Shall  be  completely  visible  from  any 
eye  position  within  the  instrument's 
viewing  envelope  as  specified  by  the 
equipment  manufacturer. 

AS  8034 

Shall  have  a  sufficient  viewing  angle  to 
provide  complete  visibility  of  the 
displayed  information  from  any 
viewing  position  within  the  specified 
design  eye  viewing  envelope. 

Current  aerospace  recommendations  require  a  viewing  angle  of  53  degrees  in 
the  left  and  right  direction.  35  degrees  above,  and  0  degrees  below  a  plane 
perpendicular  to  the  screen  face.  However,  display  location  and  additional  crew 
member  viewing  may  require  different  specifications.  Special  attention  should 
be  paid  to  the  viewing  angle  characteristics  of  any  proposed  LCD  lAP  chart. 


2.6  HEMPORAL  VISION 

The  perception  of  change  takes  place  through  detection  of  changes  in  the  light  over  time.  These 
changes  am  most  common  when  Uiey  occur  as  a  result  of  an  event,  such  as  the  movenrent  of  an 
ob|ect.  lAP  charts  embodied  on  electronic  displays  in  the  near-term  are  expected  to  provide  static 
representations  of  luvigatloiral  information.  Consequently,  it  would  appear  that  tempered  vision 
is  not  an  issue. 

However,  lAP  charts  presented  on  electronic  dispbys  wU  have  temporal  instabilities  that  must 
be  considered  Two  types  of  temporal  instabilities  must  be  cot\slder(d  flicker  and  ^tter. 

2.6.1  Flicker  and  Refresh  Rate  <CRT,  LCD) 

Flicker  refers  to  variation  h»  lundnance  over  time  that  occurs  as  a  result  of  constant  rewriting  of 
the  image  on  the  screen  to  prevent  the  image  from  degrading.  Flicker  on  CRTs  aris^  as  a  conse- 
qucnfXi  of  two  factors:  the  decay  rate  of  the  phosphots  used  to  fomi  a  symbol  or  character,  and 
the  rate  at  which  tlte  election  beam  reactivates  the  ]^iosphois.  If  Uie  rehesh  rate  k;  too  slow  tlte 
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Table  2-12.  Aerospace  recommendations  for  refresh  rate  and  flicker. 


Source 

Refresh  Rate 

Comments/Conditions 

ARINC  725-1 

>  50  Hz  for  stroke  written  dis¬ 
play;  40/80^  f''’-2:l  interlace 
raster  scan 

ARP  4102/7 

Shall  not  cause  eye  strain  or 
other  undesirable 
physiological  effects 

ARP  1874 

Since  a  subjective 
phenomenon,  criteria  cannot 
be  "no  flicker";  should  be 
barely  discernible  day  or  night 
considering  foveal  and  full 
peripheral  vision  and  a  format 
most  susceptible  to  producing 
flicker 

Flicker  is  determined  by 
refresh  rate,  phosphor 
persistence  and  the 
method  of  generating 
mixed  colors 

AS  8034 

Shall  not  exhibit  an 
uiracceptable  level  of  flicker 

For  the  fuU  range  of 
ambient  environment 
lighting 

MILSTD1472D 

Maximum  possible  "consistent 
with  the  user's  information 
handling  rates" 

For  graphic  displays 

^  ftames  per  secooni/fields  per  second 


image  will  appear  to  flicker  or  blink.  Flicker  on  L0>s  occurs  as  a  result  of  the  repeated  applica¬ 
tion  m  voltage  to  the  pixels. 

Hicker  can  affect  the  display  user  in  two  ways.  In  some  cases^  it  can  actually  be  seen  as  a  very 
lapid  blinking  of  U)e  characters  and  symbols  displayed  on  the  screen,  wlUch  can  be  distracting  to 
the  user.  Even  if  it  is  not  actually  seeiv  flicker  can  ^  .use  eye  strain  and  other  forms  of  vi^ral 
discomfort.  Flight  crews  may  be  less  siioject  to  problems  such  as  eye  strain  because  they  typically 
do  not  stare  at  display  .scre<ms  for  long  periods  of  time.  However,  the  broad  range  of  illumination 
conditions  may  make  tire  problem  of  flicker  more  difficult  Also,  flicker  can  reduce  visual  acuity 
and  hinder  the  process  of  eye  aocommoda  lion  required  to  read  the  screea 

Flkker  sensitivity  is  a  furiction  of  several  factors: 

•  Size  of  the  area:  Flicker  will  be  seen  more  quickly  in  a  large  area  than  a  small  area. 


Table  2-13.  VDT  recommendations  for  refresh  rate  and  flicker. 


Source 

Refresh  Rate 

Cakir,  Hart  & 

Stewart  (1980) 

25/50  or 30/60* 

Michel  (1983) 

50  -  60  Hz 

i 

Gorrell  (1980) 

60/60* 

Reading  (1978) 

25/50  or  30/60* 

IBM  (1984) 

50  Hz 

Bylander  (1979) 

50  -  60  Hz 

Sherr(1979) 

50-60  Hz 

ANSI/HFS(1988) 

Bicker  free 

Deutsche  Instilut  fur 

25  frames  per  sec/5G  Hz  for 

Normuirgen  (1982) 

positive  contrast 

Cemran  Safety 
Standards  (1980) 

Flicker  free 

Comments/Conditions 


Dependent  upon  lighting 
conditions 


40  Hz  with  interlace 
technique  depending 
upon  brightness 


Should  be  empirically 
demonstrable 


Higher  for  negative 
contrast 


'  frames  per  second/Aelds  per  secoivi 


•  Brightness  of  the  screen:  The  brighter  lire  saeen,  tire  more  susceptible  will  Urat  display 
be  to  flicker.  Air  important  implication  is  that  positive  polarity  displays  (dark  ctrarac- 
tere  t»n  a  light  hackgnruird)  will  be  more  srrscepUble  to  flicker.  Also,  the  high  ambient 
lighting  conditiotis  Ural  can  be  found  in  the  co^it  increase  Ure  likelilrood  Urat  flicker 
will  be  seen. 

Tables  2-12and  2-13  present  theconrpiled  recommendations  from  tire  aerospace  and  VDT 
literature 
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Table  2-14.  Aerospace  recommendations  for  allowable  jitter  (for  CRTs). 


Source 

Allowable  Jitter 

CoiKiitions/Conunents 

ARINC  725-1 

0.2  millimeters 
peak-to-peak 

ARP  1874 

^.3  milliradians 
peak-to-peak 

Anywhere  within 
viewing  envelope 

AS  8034 

^.6  milliradians 

Given  thr^  valu^  it  appears  that  for  CRTs  a  reh’esh  rate  of  50  to  60  Hz  is  appropriate.  For  LCDs 
a  lower  lefresh  rate  is  usually  acceptable,  and  minimum  frame  rate  of  30  Hz  has  been  recom¬ 
mended  (Pluclie  &  Hansman,  1990).  Because  of  the  'unique  environmental  conditions  of  the 
cockpit,  these  rates  should  be  treated  as  minimum  performance  levels  that  should  be  visually 
evaluated  under  realistic  flight  corvditions.  This  ev^uation  process  involves  staring  at  the  screen 
at  a  normal  viewing  angle  and  using  peripheral  vision,  wliich  is  especially  sensitive  to  motion,  to 
detect  any  variations  in  the  appearance  of  the  saeen. 


For  the  unaided  observer  of  a  CRT  or  LCD.  there  should  be  no  undesired  rapid 
temporal  variation  in  display  luminance  for  a  symbol  or  display  field.  For  CRTs, 
a  refresh  rate  of  50  •  60  Hz  is  generally  acceptable.  For  LCDs,  a  frame  rate  of 
30  Hz  tnay  be  acceptable. 


2.6.2  Jitter  (CRT,  LCD) 

The  second  temporal  con^deration  is  jitter.  Jitter  can  occur  on  raster-written  CRTs  when  there  Is 
z  slight  displacenrcnt  in  the  dot  locations  of  a  character  as  it  is  rewritten  each  cycle.  The  percep¬ 
tion  of  jitter  is  influenced  by  the  frequency  aivl  spatial  displacement  of  the  ima^.  For  example,  at 
those  frequencies  to  which  the  visual  system  is  most  sensitive  (about  1  to  3  Hz),  a  displacement 
of  10  arcseconds  or  more  will  be  perceived  as  jitter.  Jitter  frequencies  above  25  Hz  are  usually 
seen  as  image  blurring  rather  than  ^tter  (lBh/1, 1984). 

Jitter  is  typically  not  a  factor  In  LCD  dispbys  since  each  pixel  has  a  fixed  portion.  However,  the 
processing  algorithm  that  determines  wlridr  pbcels  tight  up  during  each  franre  may  cause  a  slight 
jittering  effect  for  specific  characters,  espedatiy  when  anti-aliasing  is  involved.  Unfoitunatdy,  no 
data  isavailable  regard  to  acceptable  jitter  limits  for  LCDs. 

Table  2-14  di^tays  the  aerospace  recomnrendations  for  jitter.  For  CRTs,  it  is  not  apparent  that 
any  strong  conclusion  can  be  reached  given  the  range  of  values  shown  in  this  tabte.  Given  that 
jitter  may  be  compounded  by  the  levels  of  vibration  found  in  the  cockpit  environment,  the  most 
restrictive  performance  level  03  milliiadians  peak-tOf>eak,  will  be  reconunended.  Again,  visual 
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evaluation  should  be  perfonned  by  staring  at  a  saeen  filled  with  characters,  and  using  periph¬ 
eral  vision  to  assess  whether  jitter  is  detectable 


For  the  unaided  observer,  a  static  CRT  or  LCD  display  should  contain  no 
discernible  jitter.  Employing  photometric  techniques,  image  jitter  should  be 
within  0.3  milliradians  peak-to-peak. 


2.7  CHROMATIC  VISION  (CRT.  LCD) 

Some  of  the  £actors  that  affect  the  perception  of  color  were  described  in  Section  12.  This  review 
emphasizes  the  importance  of  a  number  of  factors,  such  as  ambient  light  level  on  our  perception 
of  color.  The  underlying  point  is  that  color  perception  is  not  absolute,  which  complicates  the 
attempt  to  select  colors  that  will  always  be  detectable  under  normal  codqsit  coiuiitions. 

In  order  to  specify  colors  for  display  use,  it  is  important  to  use  a  system  that  accurately  describes 
each  color.  The  QE  color  system,  shown  in  Figure  2-1,  was  developed  to  serve  this  role.  Al¬ 
though  there  is  sonre  variation  due  to  individual  differences  in  the  perception  of  color,  the  Q£ 
established  in  1931  a  standard  normal  observer  wlvich  defines  a  function  relating  the  spectral 
composition  of  a  light  and  its  "noimall/'  perceived  color.  (For  an  excellent  discussion  of  the  QE 
color  system,  see  ^ff  &  Lincoln,  1988). 

The  original  QE  color  system  and  its  later  revisions  provide  a  metric  that  allows  researchers  to 
determine  objectively  the  colors  produced  by  different  equipment  in  different  laboratories.  In  tire 
QE  system,  ^  colors  may  be  nrapped  into  a  two-dimensional  space,  for  exanrple  x  and  y.  Each 
monochromatic  color  (comprised  of  a  single  wavelength)  defines  a  point  along  the  U-shaped 
outer  boundsoy.  Points  along  a  line  towaids  the  nriddle  reflect  colors  with  less  purity  (saturation) 
until  they  teach  Uie  middle  region  wluch  represents  wlrite. 

Data  on  duomalic  dlscrintinatlon  may  be  mapped  onto  the  CIE 1931  chromatidty  diagram  as 
shown  in  Figure  2-1.  lines  along  tire  outer  boundary  represent  equal  steps  in  subjectively 
perceived  cdor  (dominant  wavelength).  Lines  toward  the  middle  represent  equal  jumps  in  color 
purity.  As  can  be  seen,  equal  distances  in  the  CIE  color  space  do  not  represent  equ^  steps  in 
perceived  color.  Figure  2-2  diagrams  subjectively-equal  color  spaces  where  Uie  ellipses  represent 
the  boundaries  of  the  just  noticeable  differences.  As  shown  iir  tIUs  figure,  discrimiitabillty  is 
greatest  in  the  extreme  blue  and  red  ends  of  the  spcctnm^  (the  extreme  low  and  Irigh  wave- 
lengthsi,  respectively),  whereas  discrimination  is  relatively  poor  br  the  green,  blue-green,  and 
yellow-green  regions  (Snyder,  1980).  Tlie  implication  of  these  results  is  tliat  colors  designed  to 
maxinUze  separation  in  a  ClEcolorspaa'  will  not  necessarily  nuximize  perceptible  separation. 
Therefore,  it  is  not  posable  to  ensure,  a  priori,  tlut  olectrouically  generated  colors  will  be  easily 
discriminable  in  all  viewing  situations.  Dispby  designers  must  be  careful  to  determine  that 
adequate  simulation  testing  has  been  done  on  any  proposed  color  set 

Other  fiKdois  that  iinpact  color  selection  indude: 


w  I  —I  I  I - 1  f  I 

012  3450  74 
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Fiflure  2-1.  The  CE  color  system. 


•  Chrottuttc  differences  are  more  difficult  to  detect  when  appUa!  to  very  small  objects. 
The  application  of  color  to  symbols  should  ensure  that  the  colors  used  are  maximally 
dlscximlnable. 

«  Then(mnaleyeisblue4)lindinthecfnUialfoveawhichmeansthatpureblueisespe' 
dally  difficult  to  see; 

•  Some  common  forms  of  color  deficiency  require  Utat  colors  differ  in  the  amount  of 
blue  pieseiti  as  weU  as  red-gieen  in  order  to  be  distinguished,  hence  suggesting  that 
blue  beused  asa  oompm^a  color  of  most  symbology;  and 


«  Because  of  chromatic  aberration  in  the  eye.  displays  using  extreme  red  or  blue  may 
ciee^  a  three<lunemional  effect  thm  requiring  their  use  be  used  with  caution 

aiui  adequately  tested  for  influences  on  pilot  p^ormance. 


It  is  importard  to  note  that  cunerU  color  generation  teclmiques  for  electronic  displays  sometimes 
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Figure  2-2.  Use  of  the  CIE  color  system  for  mepsing  cfiscriminebie  colors. 


etactronic  lAP  charts  must  be  aware  tlrat  adding  color  to  a  display  may  possibly  degrade 
overall  safety  and  performance  if  not  tested  adequately.  Sonu;  considerations  to  keep  in  mind 
are: 

»  Approximately  1%  of  Class  I  pitots  Itave  obtained  medical  waivers  for  color  vision. 
More  importantly,  some  of  U\e  tests  iised  to  pilot  color  vision  are  desisted  to  pass 
iitdividuats  with  mild  to  nrodetalc  color  deficiendcs.  lliemfore,  a  wide  variability  in 
performaiice  in  cdor  vision  disciiinuubility  is  present  in  certiiied  pilots  (AHP  4032). 

•  Each  type  of  display  technology  lias  its  own  unique  problem  for  adeqitately  represent¬ 
ing  color  in  tSw?  cockpit.  For  CRTs  tlrere  is  significant  washout  of  colors  at  high  anrbtent 
illumination  levels.  For  LCDs  tlierearechromaticity  shifts  at  off-axis  viewing  angles. 
Generating  adequate  color  for  all  possible  viewing  situations  isstiil  a  technologkal 
problem  in  the  short  temv 
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«  Although  enhancement  of  performance  through  the  use  of  color  has  been  demon¬ 
strated  for  a  wide  variety  of  activities  and  settings,  no  systematic  controlled  studies 
have  shown  that  using  color  has  similar  effects  for  pilots  using  lAP  charts. 

These  considerations  plus  others,  make  it  difficult  to  state  with  confidence  specific  recommenda¬ 
tions  for  the  use  of  color  in  electronic  lAP  charts.  With  this  in  mind  the  following  conclusion  is 
provided 


Any  use  of  color  in  electronic  lAP  charts  should  be  adequately  tested  in  flight 
situations  with  a  representative  sample  of  pilots.  As  a  guideline  for  the  design  of 
such  devices.  ARP  4032  should  be  consulted. 

It  is  also  important  to  ensure  that  chromaticity  uniformity  is  preserved.  AS  8034  specifies  that  the 
chromaticity  difference  between  any  two  points  of  the  same  color  located  at  any  position  on  the 
screen  shoiitd  not  be  sufficient  to  cause  erroneous  interpretation  of  that  utformatioa  This  is 
especially  critical  if  color  coding  is  used. 


There  should  be  sufficient  chromaticity  uniformity  to  ensure  adequate 
interpretation  of  information. 


Additional  guidance  on  the  use  of  color  is  provided  in  the  ren>aining  chapters  of  this  H^book. 


2^  TABLE  OF  CONCLUSIONS  AND  SUMMARY 

Table  2-15  presents  a  quick  reference  sununary  of  tl\e  condusioj^  and  reconunendations  de¬ 
scribed  in  Uiis  clrapter.  As  was  mentioned  in  the  beginning  of  this  clvapter,  two  types  of  conclu¬ 
sions  are  usually  presented;  One  vereion  for  the  unaided  olwerver  and  a  second  more  specific 
lecomntendation  which  assumes  the  viewer  has  access  either  io  the  nwnufacturer's  spoeifications 
or  appropsiate  equipment  for  conducting  photoriw^ric  measuiemenls.  Al^^  1782  should  be 
consulted  for  conducting  such  nteasureineiOs. 

Some  final  conunents  tuNx)  to  be  nvide about  Utese  guidelines.  Fur  a  number  of  reasons,  these 
guideliites  should  not  be  treated  as  absolute  values  tliat  must  be  met.  Tradeoffs  oftiJn  must  be 
nude  siiKe  achievement  of  one  requirement  nuy  occur  at  the  ex|.iei\se  of  other  requireimnts.  In 
addition,  tlie  standards  that  Ivave  been  used  to  derive  display  perfomunce  values  are  not  ori¬ 
ented  towards  the  spedfic  situation  of  tlie  I  Ai^  cluiit  CotisequeiUiy,  it  is  essential  Uut  judgment 
be  used  in  applying  Uiem  to  the  case  of  lAFclurts.  Also,  nuny  of  Uie  mconunendaUoJvs  de¬ 
scribed  here  are  not  based  on  U\e  typo  of  experimental  foui\dation  tlut  is  usually  dent  ed.  In 
many  cases,  praelica!  experieJtce  and  judgment  Itas  been  u.sed  in  place  of  missing  experimental 
data.  Hnaily,  and  pcrltaps  nwsl  importantly,  tlte  reseawh  aivi  Uieory  on  how  tlie  visual  systetn 
works  is  lu^  suffideiU  to  dose  tlie  gap  between  basic  aiid  applied  reseaidc 

In  spite  of  these  Umilatior;s,  the  data  provided  in  tiiis  chapter  represents  anreni  Uiinking  on  ivow 
to  ensii^  V  Uiat  displays  meet  suffiden?  display  quality  criteria.  Althoug.,  th**  recommetidatiotis 
di^^cribed  here  are  likely  to  be  supplemented  or  replaces!  by  more  clcarty  based  mcommenda- 
^ns  in  Uie  future,  tiiese  standards  do  of  fer  some  guidance,  especially  when  used  in  amjunaion 
with  vUu'ri  evaluation  of  dispby  perfonnanre  under  reailsUc  fUgiU  conditions 
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Table  2'15.  Summary  of  conclusions  (cont  next  page). 


EJisplay  Parameter 

Conclusion 

2.5.1  Resolution  (Paper, 
CRT,  LCD) 

Resolution  should  be  as  high  as  achievable  for  electronic 
media.  For  paper,  an  effective  resolution  of  300  dpi 
(print  quality  of  600  dpi)  has  proven  to  be  acceptable. 

2.5.2  Mean  Luminance 
(CRT,  LCD) 

Manual  controls,  either  in  conjunction  with  or 
independent  of  automatic  controls,  shoirld  be  made 
available  to  the  user  to  vary  mean  screen  lumiirance. 

The  appropriate  screen  luminance  range  will  be 
dependent  upon  the  contrast  ratio  and  si^e  of  displayed 
symbology,  hence  a  minimum  value  cannot  be 
specified.  However,  a  range  of  0.1  -  200  fL  has  been 
suggested. 

2.5.3  Lmninance 
Contrast/Contrast  Ratio 
(paper,  CRT,  LCD) 

CRT,  LCD  A  minimum  luminance  contrast  ratio  of  10:1 
is  desirable  for  all  viewing  situations,  however,  a  lower 
contrast  ratio  may  be  acceptable  if  adequate  testing 
justifies  a  lower  value. 

Paper:  Instrument  approach  procedure  charts  should  be 
printed  with  sufficient  contrast  between  the  characters 
and  their  background  that  they  are  easily  read  in  all 
viewing  situations. 

2.5.4  Luminance 
Unifomiity(CRT,LCD) 

For  the  unaided  observer,  non-unifoimities  in 
brightness  or  color  should  not  be  present.  Employing 
photometric  techniques,  a  large  area  non-unifoi.'mity  of 
le‘«  than  20%  is  acceptable.  For  lumhrance  variations 
within  Italf  a  degr  ee  of  arc,  50%  or  less  is  acceptable. 

2.5.5  Contrast 
Direction/Contrast 
Polarity  (Paper,  <ZR"" 

LCD) 

CRT,  LCD  No  clear  conclusion  available.  Either 
contrast  direction  is  acceptable  at  this  time. 

Paper  Contrast  direction  should  be  dark  symbols  on  a 
light  background. 

2.5.6  Convergence  and 
Focus  (CRD 

For  the  unaided  observer  lines,  symbols  and  characters 
should  have  n-  tails,  squiggles,  skews,  gaps  or  bright 
spots.  Employing  photometric  measurements, 
mlsconvergence  should  not  be  greater  than  0.7 
miliiiadians. 

Table  2-15.  Summary  of  conclusions  (cont  from  previous  page). 


Display  Parameter 

Conclusion 

2.5.7  Convergence  and 
Focus  (CRT) 

To  the  unaided  observer,  symbols  which  should  be 
aligned  either  horizontally  or  vertically,  should  appear 
so  aligned.  Emp*  3ying  photometric  techniques,  symbol 
alignment  should  1^  within  0.02  inches. 

2.5.8  Anti-aliasing  and 
Shades  of  Gray  (CRT, 
LCD) 

Anti-Aliasing:  Lines  and  characters  should  appear 
smoothly  written  and  contain  no  unwanted  jagged 
edges.  Spedal  attention  should  be  paid  to  angled  lines 
drawn  on  LCDs,  which  ate  the  most  difficult  to 
anti-alias. 

Shades  of  Gray:  To  minimize  antialiasing  and 
chronratic  distortions,  a  minimum  of  15  gray  levels  is 
required. 

2.5.9  Viewing  Angle 
(CRT,  LCD) 

Current  aerospace  recommendations  require  a  viewing 
angle  of  53  degrees  in  the  left  and  right  direction,  35 
degrees  above,  and  0  degree  below  a  plane 
perpendicubr  to  the  screen  face.  However,  display 
location  and  additional  crew  member  viewing  may 
require  higher  specifications.  Spedal  attention  should  be 
paid  to  the  viewing  angle  characteristics  of  any 
proposed  LCD  dispby. 

2.6.1  FUckerand 

Refresh  Rate  (CRT, 

LCD) 

For  the  unaided  observer,  there  should  be  no  undeslred 
rapid  temporal  variation  in  display  lumiitance  for  a 
symbol  or  display  field.  For  CRTs,  a  refresh  rate  of  SO  - 
60  liz  is  genetaliy  acceptable.  For  LCDs,  a  frame  rate  of 

30  Hz  may  be  acceptable. 

Z62  Jitter  (CRT,  LCD) 

For  the  unaided  observer,  a  static  display  should 
contain  no  discernible  plter.  Employing  photometric 
techniques,  image  jitter  should  wit!^  03 

miliiradians  peak-to-peak. 

2.7  Color 

Discrindnation  (CRT, 
LCD) 

Any  use  of  color  in  electronic  lAPs  should  be 
adequately  tested  in  flight  situations  with  a 
representative  sample  of  pilots.  As  a  guideline  for  the 
design  of  such  devices  Al^  4032  should  be  consulted. 
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3.  INFORMATION  PRESENTATION 
REQUIREMENTS  FOR  lAP  CHARTS 


3.1  OVERVIEW  OF  CHAPTER  3 

To  dtis  point/  the  handbook  has  addressed  issues  concerning  the  visual  requirements  of  the  eye 
and  tlie  performance  constraints  these  requirements  place  on  the  paper  or  electronic  medium 
(Ohapter  2).  The  remainder  of  the  handbook  builds  upon  this  mater^  in  order  to  look  at  how 
lAP  chart  Information  ele  mts  should  be  organized  and  laid  out  to  support  efficient  access  to 
these  dementS/  when  required. 

Oiapter  3  is  oi^ganized  into  two  major  sections.  Section  32,  'The  lAP  Chart  User's  Task,"  pre¬ 
sents  a  simple  framework  for  understanding  how  pilots  perceptually  interact  with  lAP  charts. 
Thfe  description  sets  the  stage  for  the  remainder  of  Chapter  3  by  spcdfying  those  unique  charac¬ 
teristics  of  lAP  chart  use  that  can  help  to  identify  tl\e  subset  of  available  experimental  literature 
most  likely  to  offer  useful  design  guidance.  In  addition,  this  description  provides  the  logical 
framework  used  to  organize  the  presentation  of  tl\is  guidance  information  so  as  to  best  demon¬ 
strate  its  value  and  ulihty.  Section  33,  "The  lAP  Chart  Designer's  Tool  Box,"  explains  how  the 
guidasice  infnmation  will  be  presented.  The  metaphor  of  a  "tool  box"  is  u^  to  suggest  that  the 
designer  has  available  a  variety  of  visual  "tools"  that  can  be  used  to  iidluence  the  perceptual 
system  of  the  lAP  diart  user  to  support  efficient  and  accurate  access  to  desired  information. 

Descriptions  of  the  itvlivldual  tools,  together  with  what  is  known  about  how  they  are  best 
applied,  is  provided  in  Chapters  4, 5  and  6.  Chapter  4,  "Orienting  Within  The  lAP  Chart," 
describes  a  set  of  tools  that  can  be  used  to  lay  out  lAP  chart  infonnation  in  a  logical  and  consis¬ 
tent  fashion  so  as  to  support  the  user's  ability  to  quickly  and  accurately  find  that  part  of  the  chart 
most  likely  to  contain  the  target  infonnation.  Chapter  5,  '^rch  and  Legibility,"  describes  so»ne 
tools  for  ensuring  that  alphanumeric  and  syn\bolic  inforwiation  can  be  easily  detected  and 
identified.  Hnally,  Chapter  6,  "Search  and  Peripheral  Vision,"  presents  a  set  of  tools  that  <an 
contribute  fo  efikient  search  within  a  given  part  of  the  lAP 

The  tools  availaWe  to  the  designer  offer  a  variety  of  ways  for  improving  the  design  of  lAP  charts. 
These  tools  are  applied  to  spe^c  parts  of  llxe  dtart  but,  together,  tiiey  aTect  tire  overall  appear¬ 
ance  and  usabilify  ctf  the  chart.  To  eirsure  that  the  impact  of  each  individual  appUcation  of  a  tool 
as  it  affects  the  lAP  chart  as  a  whole  is  considered,  Clrapler  7  revieivs  the  perceptual  requJre- 
merrts  that  must  be  met  by  the  overall  appearance  of  tire  chart.  Included  in  this  drapter  are  some 
final  thoii^hts  and  recomniendatioas  cn  how  best  to  make  use  of  the  lAP  chart  derignerls  tool 
box.  Finally,  the  guidance  infonnation  principles  developed  in  thesechapters  are  ii^  in  an 
A{^)esidix 
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3.1 .1  How  to  Use  ^e  Information  In  Chapters  3  Through  7 

A  complete  handbook  on  how  to  effectively  present  information  on  an  lAP  chart  would  consist 
of  spedfic  rules,  sudr  as  what  font  size  to  use  for  a  given  piece  of  alphanumeric  information  and 
how  much  white  space  should  be  present  between  individual  visual  dements  (alphanumeric 
draracteis,  symbols,  boundary  lines,  etc.).  The  state  of  our  knowledge  about  how  people  perceive 
does  not  comedose  to  achieving  this  objective.  If  it  did,  we  could  simply  devdop  an 
^stem  that  would  take  the  individual  i^ormation  pieces  and  produce  a  fully  designed  chart, 
lliere  would  no  longer  be  a  need  for  lAP  chart  designers  nor,  for  that  matter,  would  air  certifica¬ 
tion  specialists  be  digged  with  the  responsibility  of  evaluating  new  charts  as  they  are  intro¬ 
duced. 

This  chapter  does  not  even  attempt  to  provide  such  specific  guidance  because  it  would  be 
mislead!^  at  best.  Instead,  it  offers  gifidance  on  how  to  thirrk  about  the  design  of  lAP  charts, 
taking  into  account  what  is  known  about  how  people  perceptually  interact  with  these  charts  and, 
for  tl^t  matter,  otlier  forms  of  visual  displays.  This  imdeistanding  is  supplemented  by  guidance 
information  about  font  sizes,  tools  for  highlighting  information,  and  other  topics.  However,  this 
guidance  is,  in  almost  all  cases,  less  spedfic  than  might  be  desired.  The  user  of  this  material  must 
contribute  his/her  own  judgment  as  to  how  this  information  should  be  used  for  a  given  applica¬ 
tion.  This  judgi.nent  becomes  especially  important  in  that  the  appropriateness  of  a  specific  tool 
depends  upon  the  specific  design  issue  in  question.  The  suggestions  contained  in  this  chapter 
must  be  customized  in  their  application  to  any  specific  design  problem.  Tlris  is  noi  a  cookbook 
that  can  be  passively  followed.  Instead,  it  is  a  way  of  looking  at  chart  design  that,  hopefully,  can 
help  to  sensUize  the  designer  to  new  design  opportunities  that  may  lead  to  more  us£^e  1/iP 
chs^ 


Z2  THE  lAP  CHART  USER'S  TASK 

lAP  charts  provide  a  range  of  information  required  to  accomplish  safe  and  expeditious  landings 
under  instrument  (and  occasionally  visual)  flight  conditions.  Because  these  chads  are  fiequenUy 
accessed  during  the  actual  approa^,  they  must  support  rapid  access  to  critical  information  and 
accurate  recog^Uon  of  tlfis  kformation  under  flight  conditiorrs  that  can  include  extremes  in 
%hting  and  vihmtion  that  (mr  hinder  easy  reading  of  the  chart 

Given  the  hnportant  role  Urese  charts  play  in  suppottiirg  the  How  of  traffic  tiuough  often  busy 
airports,  it  is  surprising  that  very  little  experimental  attention  has  been  devoted  to  identifying 
ways  for  improving  their  usability.  The  ikk  of  direct  data  necessitates  a  look  at  other  domains, 
sudr  as  typography  and  cadogtaphy,  that  might  provide  valuable  guidann^e.  Entering  other 
domains  n^eans,  however,  that  ded^ons  must  be  nrade  as  to  the  relevance  of  the  data  for  the  lAP 
chart  appUcatioa  These  decisions  are  best  made  witliin  thecontext  of  some  understanding  of 
how  pilots  use  these  charts.  Unfortunately,  little  attention  has  been  paid  to  this  Issue  as  w^. 
Cartographers,  however,  have  developed  a  variety  of  models  representing  how  users  interact 
wUh  maps  in  general  Examples  of  cartog^phic  nvodels  (see  6o^  1981,  for  a  review)  include: 

*  Commumcalm  models  that  are  variations  on  the  Shannon-Weaver  model  of  informa¬ 
tion  transfer  (e.g.  KolScny,  1969;  Wood,  1972b).  In  keeping  with  IheShannon-W^ver 
fiamework,  th^  modds  empirasize  the  amount  of  iirfonnation  that  is  tiansfened 
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from  the  sender  (the  lAP  chart  designer)  to  the  receiver  (the  lAP  chart  user).  For  the 
purposes  of  this  chapter,  the  concern  is  not  with  "amovmts"  of  information  that  are 
transferred  but,  rather,  how  to  present  that  information  so  as  to  ensure  that  the  user 
successfully  perceives  it 

•  Semiotic  models  that  attempt  to  apply  semiotics,  the  theory  of  signs  (see  Eco,  1976,  for  an 
example  of  a  generic  semiotic  model),  to  miderstanding  how  maps  are  read  (e.g. 
Schlidttmann,  1985;  Wood  &  Pels,  1986).  These  models  address  the  "visual  logic"  by 
which  signs  used  on  maps  (symbols,  words,  etc.)  relate  to  the  information  they  repre¬ 
sent.  Although  tills  approach  possesses  obvious  intuitive  appeal,  its  strength  Ues 
outside  the  scope  of  this  Handbook.  The  handbook  is  constrained  to  issues  of  a  percep¬ 
tual  nature,  that  is,  how  to  make  the  information  that  is  presented  easily  perceived  by 
the  user.  The  meaningfulness  of  this  information^  although  clearly  an  important  issue, 
is  not  addressed. 

•  Information  processing  models,  based  upon  traditional  cognitive  models  that  specify 
stages  through  which  information  passes  as  it  is  processed  by  the  cognitive  system. 

(e.g.  Elobson,  1979a;  Eastman,  1985a).  Unfortunately,  these  models  are  clearly  dated 
and  cartographic  theory  has  failed  to  replace  them  with  more  recent  models  (Blades  & 
Spencer,  1986).  In  addition,  these  models  tend  to  focus  on  the  role  of  memory  in 
reading  maps,  devoting  less  attention  to  perceptual  processes. 

Dearly,  these  three  modeling  approaches  do  not  address  the  specific  goals  of  the  Handbook,  an 
important  reason  being  tlrat  Uiey  focus  on  aspects  of  nutp  use  t))at  are  not  appropriate  given  the 
focus  on  perceptual  interaction  vwth  lAP  charts.  However,  tlie  development  of  a  complete  model 
of  how  pilots  perceptually  interact  with  lAP  charts  is  also  outside  the  scope  of  this  handbook.  In 
place  of  a  complete  model,  a  simple  framework  of  assumptions  has  been  developed  to  serve  the 
critical  role  of  providing  criteria  for  evaluaiing  the  relevance  of  experimental  data.  An  exanrple  of 
how  the  assumptions  made  about  lAP  clrart  use  impact  the  identification  of  guidance  infoinra- 
tion  may  help  to  demomtrate  the  critical  role  pbyed  by  Urese  assumptions. 

An  important  issue  for  lAP  chart  design  is  how  pilots  look  for  infomration  presented  on  a  clrart. 
The  obvious  assumption  is  that  pilots  read  an  1 AP  clrart  in  Uie  same  sort  of  way  they  read  text  in  a 
book  or  magazura  Tlvis  assumption  suggests  Uiat  lire  pilot  scans  lire  clurt,  starting  at  the  upper 
left-hand  comer  and  works  down  Uurough  Ureclrart  from  left  to  right  and  top  to  t^Uom  How¬ 
ever,  an  altenraUve  assumption  is  tlrat  lAP  clrarts  ore  scoiured  iir  a  nuniu.'r  siitrilar  to  nraps, 
pictures,  and  other  fom\s  of  visual  dispby. 

The  research  on  picture  and  nwp  scanning  (Dobson,  1979b;  see  Rayner,  1978,  and  Cbsiner  & 
Eastnran,  1985,  for  reviews)  shows  tlrat  Ure  eye  is  drawn  to  high  iirfomration  density  locations  of 
Q  map  or  picture  and  jumps  over  low  infomration  density  parts,  at  least  during  initbl  senrs.  Eye 
movement  patterns  are  alM  influenced  by  pnHJxisling  knowledge  of  the  map  or  picture  being 
scanned.  With  respect  to  LAI*  clrarts,  tlris  research  suggests  tlial  the  eye  movements  of  a  pilot  are 
controlled  by  a  combination  of  knowledge  of  how  lAP  clrarts  are  typically  visually  organized 
(topdown  control  due  to  expectatioirs  aird  prior  expcrieirce),  together  with  visual  iirfomration 
provided  by  the  drart  being  scaiured  (bottom-up  control  using  visual  "dues"  todelermiire  Ure 
nrost  infomrative  parts  of  Ure  drart). 
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This  dual-control  view  of  lAP  chart  scanning  suggests  that  there  are  two  basic  stages  involved  in 
seeking  and  finding  a  specific  piece  of  information.  The  first  stage  involves  finding  the  general 
location  of  a  piece  of  information.  lAP  charts  possess  a  fairly  consistent  overall  structure,  al¬ 
though  this  structure  differs  between  NOS  and  Jeppesen  charts.  With  a  few  exceptions,  non- 
geographically  based  information  (that  is,  information  other  than  waypoints  and  other  types  of 
information  that  are  tied  to  their  real-world  position)  is  foimd  in  the  same  general  location  across 
all  (harts  provided  by  a  given  manufacturer.  This  consistency  provides  the  pilot  with  an  immedi¬ 
ate  advantage  in  that  he/ she  knows  a  general  location  in  which  to  begin  the  search. 

For  example,  on  ttie  NCK  charts,  the  missed  approach  iristruction  is  typically  located  within  the 
profile  view  section  of  the  chart.  Also,  tlie  pilot  is  likely  to  have  an  idea  of  the  general  appearance 
of  this  informatioru  Missed  approach  instructions  are  usually  blocks  of  text  which  are  visually 
unlike  most  of  the  other  types  of  information  found  in  the  profile  view  section.  Consequently, 
these  instructions  are  not  likely  to  be  confused  with  ether  types  of  information  on  the  basis  of 
their  general  appearance.  Simply,  landing  minima  given  for  each  category  of  aircraft  are 
always  presented  in  tabular  form  on  the  NOS  chart.  Without  even  having  to  read  the  table,  its 
unique  appearaiice  helps  to  draw  the  eye  to  that  location  fairly  quickly.  This  prcxess  of  finding 
the  general  location  of  information  is  referred  to  here  as  orienting. 

Once  the  general  section  has  been  found,  the  pilot  then  must  search  for  the  specific  target  infor- 
matioa  The  search  process  relies  on  more  specific  perceptual  clues  that  help  the  pilot  to  know 
when  that  piece  of  information  has  been  found.  TTiese  perceptual  clues  are  obviously  specific  to 
the  type  of  information  of  interest.  Again,  though,  consistency  in  the  coding  system  used  by  Uie 
(hart  helps  to  support  tliis  process.  Certain  types  of  information  are  always  located  in  tlie  same 
rla( }  ivithin  a  given  section.  An  example  of  tills  is  tlie  name  of  the  airport,  wNch  is  always 
presented  in  the  upper  right-liand  comer  of  the  lAP  cliart,  or  the  runway  and  type  of  approach, 
which  always  appears  in  Ute  upper  left-liand  comer  of  the  cliart.  Other  types  of  infomiation  vary 
in  accordance  with  actual  geographical  location,  such  as  waypoints.  In  tliis  case,  the  pilot  knows 
to  look  for  tl»e  name  of  tire  waypoint  and  usually  lias  a  general  idea  of  where  the  waypoint  is 
likely  to  be  located.  Still,  the  waypoint  must  be  found  and  differentiated  from  all  other  waypoints 
in  tlial  general  location.  In  still  other  cases,  the  pilot  looks  for  a  bbe),  then  finds  tlie  variable  for 
that  label.  For  example,  a  number  of  freque>\cies  nwy  be  provided  in  the  upper  left-hand  comer 
of  Uie  plan  view.  The  pilot  looks  for  the  label  (c.g.  UNICOM),  then  the  frequency  beside  it 

All  of  these  examples  suggest  tliat  a  simplified  way  of  understanding  how  a  pilot  uses  an  lAI* 
is  a  Iwo^tago  process:  TTie  pilot  fUst  orients  to  the  appropriate  location  and  then  searches 
within  tlrat  location  for  the  target  infonnation.  Given  tliis  simple  framework,  Oie  question  then 
becomes  one  of  how  an  lAI^  cluirt  can  be  designed  to  support  each  process.  Ttie  remainder  of  tl^ 
Handbook  looks  at  a  sot  of  design  tools  tliat  may  be  useful  as  fonm  of  visual  *1ielp"  tliat  oin  be 
provided  to  support  the  pilot  in  effidently  and  aeairalely  finding  target  infomiaiioit  These  tools 
range  from  tlie  use  of  lines  and  bonders  to  selection  of  an  appropriate  font  si2e  aird  weight. 

It  should  be  pointed  out  Ural  issues  of  legibility  are  included  under  the  topic  of  seareh.  Under¬ 
standing  tlie  general  nature  of  the  search  process  diould  expbin  why  legibility  is  not  treated  as  a 
separate  process.  Wlien  we  search  for  somelliing,  we  not  only  must  find  it  but  must  also  be  able 
to  confirm  tlrai  the  somelliing  we  hav'c  found  is  in  fact  wbil  we  are  looking  for.  Consequently, 
tliere  is  an  inherent  requirement  for  infonnation  recognition  in  the  search  process.  Take  Uie  cose 
of  the  pilot  seareliiiig  for  Uie  ItB  V  waypoint.  To  simplify,  the  pilot  knows  she  lias  found  RBV 
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when  she  is  able  to  recognize  RBV  on  the  chart.  If  she  finds  some  other  waypoint  and  mistakes  it 
for  RBV,  her  search  process  has  failed.  Legibility  issues  fit  in  with  search  issues  because  they 
contribute  to  the  search  process  by  influencing  the  speed  and  accuracy  with  which  the  recogni¬ 
tion  part  of  search  takes  place.  An  illegible  name  on  a  chart  slows  down  the  search  process  and 
may  also  contribute  to  the  occurrence  of  an  error. 


3.3  THE  lAP  CHART  DESIGNER'S  TOOL  BOX 

The  previous  section  emphasized  the  roles  of  prior  knowledge  and  visual  elements  on  the  lAP 
chart  in  determining  pilot  accuracy  and  efficiency  in  perceptually  interacting  with  a  chart  The 
lAP  chart  designer  obviously  cannot  maiupulate  the  chart  reader’s  prior  knowledge.  However, 
the  designer  can  use  a  variety  of  "tools"  for  attracting  and  influencing  the  movements  of  the  eye. 

These  design  t  >ols  are  already  in  use  on  existing  lAP  charts.  White  space  is  used  to  separate 
individual  information  items  while  variations  in  font  size  are  used  to  code  the  relative  impor¬ 
tance  of  some  types  of  information.  However,  it  may  be  possible  to  use  these  tools  more  strategi¬ 
cally  arul  with  a  well  thought-out  logic  to  enhance  tlie  visual  quality  of  existing  charts.  It  is  the 
goal  of  the  next  few  chapters  to  encourage  a  reevaluation  of  how  these  tools  are  used. 

Chapters  4, 5  and  6  comprise  a  review  of  these  tools,  together  with  available  data  as  to  when  they 
are  best  used  (or  not  us^).  In  Chapter  4,  design  tools  tliat  can  be  used  to  support  the  orienting 
process  are  described.  These  tools  are  used  with  the  primary  goal  of  clearly  specifying  tite  nrajor 
secUoits  of  an  I AP  chart  so  as  to  enable  the  pilot  user  to  visually  access  eadt  section  quickly.  Tools 
available  for  this  process  include: 

•  Distinctive  Visual  Appearance 

•  Standard  Location 

•  Boundary  Boxes 

•  White  Space  as  Boundaries 

•  Proximity 

•  Similarity 

•  Contrast 

Chapter  5  describes  the  visual  tools  tlral  can  be  used  to  ensure  tlial  alphanumeric  and  symbolic 
infomration  can  be  easily  discriminated  from  tire  diart  background  and  from  each  other.  Two 
sets  of  tools  are  describ^: 

•  Characteristics  (e.g.  size,  weight) 


•  Symbol  Ciiaiacteristics  (e.g.  line  weight,  fill) 
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Chapter  6  addresses  dte  issue  of  how  to  develop  a  chart  that  supports  efficient  visual  search  once 
a  specific  portion  of  the  lAP  chart  has  been  accessed.  A  number  of  tools  are  available  for  this 
purpose  and  they  fell  into  the  following  categories: 

•  ^formation  Highlighting  Tools  (e.g.  bolding,  reverse  type) 

•  Information  Coding  Tools  (eg.  type  size  coding,  color  coding) 

•  Information  Bouruling  Tools  (e.g.  boxes,  white  space) 

Several  general  caveats  should  be  made,  however,  before  describing  these  tools.  First,  specific 
rules  defii^g  when  a  tool  should  or  should  not  be  used  cannot  be  provided.  Instead,  each  tool  is 
described  in  terms  of  its  likely  efiect  on  visual  performance  and  the  conditions  under  which  its 
effectiveness  (or  ineffectiveness)  have  been  experimentally  demonstrated.  The  intait  in  present¬ 
ing  this  infon  nation  may  best  be  understood  by  means  of  a  metaphor.  The  tools  presented  in 
Chapters  4, 5  and  6  constitute  5  kind  of  'Tego  set."  When  a  child  uses  Lego  pieces  to  construct  a 
toy,  each  piece  serves  as  both  the  material  that  forms  the  toy  and  the  tools  for  attaching  the  pieces 
together  (the  snaps  used  to  connect  pieces  are  part  of  each  piece).  It  remains  for  the  child  to 
decide  which  pieces  to  connect.  Similarly,  the  design  tools  described  here  comprise  both  the 
material  and  the  tools.  The  material  consists  of  the  lines,  color,  textures,  and  other  visual  ele¬ 
ments  that  appear  through  application  of  a  tool  The  tools  for  attaching  the  pieces  together  are 
inherent  in  the  logic  of  each  design  tool.  As  will  be  shown  in  Chapters  4  tluough  6,  each  design 
tool  posse^  its  own  logic  which  constrains  the  conditions  under  which  that  tod  can  be  used. 
This  logic,  in  a  sense,  serves  as  the  "snaps"  for  employing  a  number  of  design  tools  to  create  an 
integrated  and  coherent  chart  visual  structure.  As  is  the  case  with  Legos,  the  user  must  deter¬ 
mine  how  to  sensibly  use  tiiem. 

A  second  caveat  stems  from  the  impact  map  complexity  has  on  the  experinrental  process  used  to 
assess  tlie  effectiveness  of  map  design.  A  map's  overall  appearance  is  a  function  of  a  large  nunv 
ber  of  variables,  each  of  wWch  reflects  the  use  of  one  or  more  of  the  tools  described  hem.  In 
testing  ^  effectiveness  of  one  or  more  of  these  tools,  researchers  have  had  to  narrow  thescope 
of  their  inquiry  by  not  looking  at  how  each  tool's  effectiveness  is  Impacted  by  all  of  the  variables 
found  on  a  given  map.  Consequently,  there  are  likely  to  be  hidden  interactions  that  have  yet  to 
be  identified.  The  experijnenta!  results  described  here  are  valid  for  those  conditions  which  define 
the  experimental  environment  in  which  the  data  were  acquired.  Potential  difficulties  may  arise 
when  these  results  are  applied  to  other  situations  (Bariz,  1970;  Petchenik,  1983). 

In  addition,  it  shmdd  be  remembered  that  each  time  these  tools  are  used,  there  must  be  an 
awareness  of  how  their  use  impacts  tire  overall  appearance  of  the  chart.  Inappropriate  or  heavy- 
handed  use  of  a  tool  can  upset  critical  visual  dominance  rebtions,  causbig  visual  confusion  that 
can  obstruct  efficient  perceptual  interaction  wiilr  the  chart  Some  criteria  for  how  to  avoid  this 
pioldem  are  described  in  Orapter  7. 

Rnally,  it  is  important  to  remember  that  lAP  dtarts  will  be  used  under  a  variety  of  conditions  to 
achieve  a  range  of  user  objectives.  This  means  tltat  the  target  infonnation  in  one  situation  may  be 
the  to-be-ignored  infoimation  in  another  dtuation.  Making  one  piece  of  infonnation  especially 
attract  9  to  the  eye  means  that  in  sonae  cases  tiuit  attractive  infomviUon  will  draw  the  eye  army 
ftottt  target  information.  C^unal  design  must  balance  the  attractiveness  of  comparable  infonna* 

tion  elements*  since  <mly  one  element  is  likely  to  be  desired  at  any  («ie  lime. 


so 


4.  ORIENTING  WITHIN 
THE  lAP  CHART 


4.1  OVERVIEW  OF  CHAPTER  4 


lAF  charts  are  designed  to  provide  various  types  of  information  that  may  be  needed  by  the  pilot 
during  a  flight  To  be  effective^  these  charts  must  support  efficient  and  accurate  access  to  specific 
information  when  it  is  required.  To  this  end,  chart  information  must  be  organized  in  accordance 
with  a  logic  that  will  enable  tlie  chart  user  to  understand  the  layout  of  the  chart  and  anticipate 
where  specific  pieces  of  information  are  likely  to  be  found.  This  organizaiwml  logic  must  then  be 
embodied  in  the  chart,  by  means  of  visual  elements  and  appropriate  layout  of  these  elements,  in 
the  form  of  a  visual  structure. 


The  concept  of  visual  structure  is  critical  to  effective  chart  infomiation  layout.  Robinson  (1952) 
compares  the  process  of  structuring  visual  information  to  the  writing  process.  "One  of  the 
essentials  of  writing  deals  with  the  maintenance  of  a  proper  relationship  among  the  feahures 
being  presented.  The  appropriate  amount  of  detail  and  emphasis  should  be  applied  to  each 
element.  A  visual  composition  likewise  ought  to  be  devised  and  arranged,  insof^  as  possible,  so 
that  each  component  appears  logical  both  as  to  position  and  degree  of  emphasis.  There  is  little 
fundamental  ^ference  between  the  construction  of  a  written  outline  and  a  visual  outline.  The 
techniques  are  different,  but  the  functional  bases  are  the  same"  (p.  69).  The  visual  structure  of  the 
diart  is  Ute  prinrary  meai\s  available  to  tlie  pilot  for  detennii\ing  Ute  organizational  logic  used  to 
position  infomration  on  that  chart. 


An  effective  visual  structure  is  based  upon  two  elements.  Fust,  the  organizational  logic  used  to 
determine  which  infomratlon  elements  should  be  presented  together  must  be  sensible  and  in 
keeping  with  the  nanls  and  thitvkhrg  styles  of  the  cluirt  user.  For  example,  existuig  NCS  chmts 
(see  Figure  4-1)  are  based  upon  an  organization  Uvat  at  the  highest  level,  a^igtrs  chart  infomra* 
tion  to  one  of  five  nrajor  categories  (pbn  view,  airport  sketch,  etc.).  The  chart  user's  understand¬ 
ing  of  tiris  category  structure  enables  itim/lier  to  anticipate  tlie  types  of  utibmratlon  to  be  found 
in  each  category. 


Detemtining  how  the  information  on  a  ciiart  should  bo  orgaitized  is  not  a  simple  matter,  nor  is  it 
likely  that  there  will  be  general  agreement  os  to  wlcit  tlUs  or^nization  siioutd  be.  Regatdlt^  of 
the  scheme  used,  it  Is  unportant  to  remember  Uiat  Ure  success  of  a  ctvart's  visual  structure  is 


the  pilot's  uirdei^ndiirg  of  this  sciremc.  A  poor  organizational  logic  necessartiy  results  in  a 
weak  visual  stnicture  Olid  an  inadequate  1^  chart 


A  second  aitka)  determinant  of  visual  structure  is  tire  way  in  which  the  organizaUotvrl  logic  is 
embodied  in  the  visual  appearance  of  the  chart.  Tire  objective  is  to  take  advantage  of  the 
strengllrs  and  "preferences"  of  the  visual  system  so  as  to  support  efficient  and  accurate  percep- 
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tual  access  to  infonmtion.  Our  visual  system  responds  in  characteristic  ways  to  visual  informa¬ 
tion,  enabling  the  designer  to  influence  the  movements  of  the  eye  through  strategic  use  of  visual 
elements  that  tend  to  attract  the  eye.  The  advantage  of  this  approach  is  a  substantial  reduction  in 
the  cognitive  demands  made  on  the  pilot.  It  is,  of  course,  possible  to  compensate  for  a  cluttered, 
disorganized  chart  by  paying  dose  attention  to  the  chart,  searching  painstakingly  through  each 
part  of  the  chart,  and  attempting  to  make  sense  of  the  information  (hsplayed.  The  cost,  however, 
is  substantial  The  effort  devoted  to  tiying  to  work  with  the  chart  is  effort  taken  away  from  the 
other  tasks  the  pilot  must  perform.  There  is  also  the  ina^ed  risk  of  misreading  the  chart.  A 
better  design  approach  is  to  take  advantage  of  the  strengths  of  the  visual  system,  thus  reducing 
the  demands  m^e  on  other  cognitive  processes. 

This  chapter  provides  an  overview  of  design  tools  that  can  be  used  to  translate  organizational 
logic  into  an  effective  visual  structure  within  the  chart.  Use  of  these  tools  is  based  upon  the 
assumption  that  the  organizational  logic  is  hierarchical  in  nature.  A  visual  structure  based  upon 
a  hierarchy  must  address  two  aspects,  (1)  information  elements  and  (2)  relations  between  these 
elements.  In  keeping  with  these  assumptions,  this  chapter  is  organized  into  three  sections. 

Section  42  reviews  the  concept  of  a  hierarchy  and  describes  the  implications  of  this  form  of 
organization  on  the  overall  visual  structure  of  a  chart.  This  section  also  looks  at  the  conflicting 
requirements  for  embodymg  information  elements  and  relations  between  those  elements.  An 
important  objective  for  foformation  element  design  is  distinguishing  one  element  from  all  other 
elements.  Section  4.3  looks  at  tools  for  supporting  infomwtion  distinctiveness.  In  contrast, 
embodying  information  relations  requires  that  conrunoiralities  between  individual  elements  be 
detectable.  Tools  for  relating  information  elements  are  described  in  Section  4.4. 

Several  comments  should  be  nrade  before  describing  how  to  develop  a  good  visual  structme. 
First,  there  are  no  hard  aiul  fast  rules  as  to  wliat  design  tools  should  be  used  and  how  tltey 
should  be  used  to  embody  visual  slnicture.  Unfortunately,  the  perceptual  phenomena  described 
here  are  complex  ai\d  not  readily  aibject  to  experimental  maitipubtion.  To  adequately  embody 
an  organizational  logic,  a  variety  of  tools  must  be  used.  Tliis  meairs  that  the  nunrber  of  variables 
that  must  be  experimentally  manipubted  quickly  becomes  large  and  the  ability  to  rebte  design 
nmnipubtiom  to  variations  in  petfonnance  substantially  more  difficult.  The  potential  is  thcie  for 
the  positive  effects  of  some  manipubtions  to  be  masked  by  the  negative  effects  of  others.  Also, 
the  individual  mftuence  of  a  given  design  manipubtion  on  user  perfonnaiKe  is  likely  to  be  small, 
although  the  combined  effect  of  a  nun'.ber  of  variables  may  be  brge.  In  any  event,  nranipubting 
individual  vatbbles  is  bborious  in  Urat  each  Individual  variation  must  be  assessed  both  in 
isobtion  and  as  it  interacts  ivith  all  of  Uie  oilier  variables. 

On  the  positive  side,  the  suggestions  on  how  to  use  tlicse  design  tools  are  base<!  upon  methods 
that  are  a  part  of  accepted  grapliic  design  practice.  Even  tiiough  fomial  evaluation  of  the  effec¬ 
tiveness  of  the  design  tools  is  bcking,  we  are  very  famiUar  with  Uiese  tools  Uirough  Uie  variety  of 
printed  materials  we  read  and  scon  on  a  daily  bi^is.  Although  we  may  not  be  consciously  aware 
of  their  use;  our  eyes  have  become  very  ^'educated"  and  scnsit,  ve  to  tlielr  guidance  value. 

Although  we  are  a  long  way  from  being  able  to  specify  exactly  how  chart  visual  structure  siiould 
be  anb^ed,  having  an  understanding  of  the  goals  is  valuable.  Much  of  what  is  addressed  in 
this  diapta  is  difficult  to  describe  !n  words;  understanding  Utese  concepts  requires  the  reader  to 
be  able  to  see  them  as  they  are  embodied  in  actual  examples.  Once  Uie  concept  is  understood, 
applying  it  may  prove  diffiaiU  because  effective  use  depends  upon  visual  judgment  There  ore 
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no  rules  that  spediy  distances,  sizes,  and  other  parameters  that  can  be  accurately  measured.  This 
may  be  one  reason  why  there  is  very  little  data  available  to  prove  that  these  concepts  are  impor¬ 
tant  However,  the  concepts  possess  sufficient  face  validity  to  suggest  that  they  should  not  be 
ignored. 

An  additional  complexity  stems  from  the  chart  information  itself,  as  was  mentioned  earlier,  an 
effective  visual  structure  depends  upon  having  a  good  understanding  of  how  the  information 
should  be  logically  organiz^.  In  laying  out  an  lAP  chart,  decisions  are  made  as  to  where  each 
piece  of  information  should  be  positioned  on  the  page.  These  decisions  take  Into  account  similar¬ 
ity  between  iirfonnation  elements,  their  relative  importance,  and  other  factors  which  should 
irtfluence  information  locatioa  \  t  ith  respect  to  NOS  charts,  it  is  clear  that  more  than  one  organi¬ 
zational  scheme  is  employed.  The  chart  organizational  logic  clearly  shows  the  influence  of 
information  importance  as  an  organizing  scheme.  For  example,  the  name  of  the  airport,  nmway, 
and  type  of  approach  displayed  in  a  chart  is  given  a  dominant  position  on  the  chart  for  the 
obvious  reason  that  this  information  is  critical  to  ensuring  that  tlie  pilot  has  accessed  the  correct 
chart.  Similarly,  conununication  frequencies  are  prominently  positioned. 

The  NOS  logic  also  shows  the  influence  of  an  organizational  scheme  tl^t  is  based  upon  phase  of 
flight.  Margin  identification  is  used  first  to  select  the  appsopriate  chart  and  ensure  that  it  is 
current.  The  plan  view  is  xised  early  in  the  approacl\  smce  it  serves  to  aid  the  pilot  in  orienting 
towatxis  tlie  airport  and  runway.  The  infomration  provided  in  the  profile  view  and  landing 
minimums  becomes  more  critical  after  the  appropriate  physical  orientation  l\a«  been  achieved. 
Finally,  tlie  airport  sketch  can  be  used  to  aid  m  nraireu vei  iirg  on  the  ground. 

Organization  of  Information  on  the  basis  of  plrase  of  flight  has  not  been  cortsistenlly  utilized  on 
NOS  charts.  Tlrerearea  numberof  valid  reasons  tlwt  preclude  corrslstent  implementation  of  UUs 
organizational  scheme.  First,  tire  irtfomralion  placed  in  a  given  flight  plvase  location  may  bo 
accessed  during  other  flight  plvrsos  to  support  the  pilot's  cognitive  requiremeirts  for  orienting 
and  spatial  awareness.  In  addition,  the  need  to  easure  tlrat  critical  infonnation,  such  as  commu¬ 
nication  fia^uendes,  arc  pronrinently  Urcated  precludes  cojrslstent  asc  of  a  single  oi^janiZiUioaal 
logic.  A  third  cause  stems  fron\  the  tight  sfxrce  comtrairrts  of  the  clutrt  which  can  result  hr  there 
being  too  much  infomration  to  fa  into  a  given  location.  lleU  informatioir  which  does  not  fit  must 
then  be  pbced  elsewhere  on  tht*  chart-  Mrurlly,  and  most  importarUly,  pilots  differ  in  their  infor- 
nration  requirements.  Ln  pbmxir^g  their  appioacir,  variations  u\  infoniution  netxisarc  likely  to 
occur 

Attempting  to  satisfy  all  of  tl'.ese  functional  require  «ients  and  constraints  tneatts  tlwt  developing 
a  useful  organizational  logic  Is  a  difikult  but  nece-sar)'  priK  since  this  logic  defines  the  infor- 
nuiiion  piKes  and  re!atioi\s  between  these  pieces  tliat  will  then  be  csr.bodied  m  ll»e  visual  strtre- 
lureof  Uie  chart.  Ihe  develmmont  of  an  organiziitinral  logic  is  not  dire.'tiy  addressed  in  this 
Handbexjk  but  examples  of  such  a  logic  are  shown  throughout  the  Handbook  to  demoirstralc 
how  iJte  use  of  design  tools  are  critically  driven  by  this  logic,  l^isign  tools  are  iirlended  to  convey 
meaning,  and  this  meaning  is  provided  by  the  organizational  logic. 


Because  there  is  no  agreed-upon  organizational  logic,  the  exiunples  Icjve  been  developed  in  two 
ways.  Some  examples  use  the  existing  organizational  logic  of  t!)e  NOS  clratt  to  show  how'  the 
tools  are  Ix'ing  used.  Other  examples  are  based  upon  wlui  amid  be  done.  For  example,  if  the 
organizatioiui  logic  argues  for  treating  all  waypoints  as  conceptually  belonging  to  the  same 
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category,  then  tools  such  as  using  the  same  size  or  pattern  could  be  applied  to  the  waypoint 
symbols  to  emphasize  their  similarity.  These  examples  are  intended  to  demonstrate  how  the 
design  tools  can  be  used.  They  are  not  intended  to  argue  that  the  organizational  lo^  used  in  the 
example  shouid  be  used.  Such  determinations  must  await  further  study. 


A2  THE  VISUAL  STRUCTURE  OF  AN  lAP  CHART 

The  term,  "structure,"  is  defined  here  as  "the  formal  configuration  of  elements,  parts,  or  constitu¬ 
ents  comp,  ::;ing  a  particular  arrangement"  (Cavalier,  1988,  p.  301).  This  definition  emphasizes 
two  aspe^  of  structure:  The  individual  elements  that  together  comprise  the  overall  display  and 
the  relationships  among  those  elements.  A  well-designed  chart  supports  easy  detection  of  the 
primary  parts  of  that  chart,  together  with  visual  guidance  suggesting  how  these  parts  rebte  to 
each  other. 

The  ease  with  which  parts  and  part  relationships  are  detected  is  influenced  by  the  graphic  format 
used  to  present  that  irtibrmalion.  The  term,  "graphic  fom'Uii,"  is  used  here  to  refer  to  the  form  in 
which  some  subset  of  infonnation  is  presented.  A  given  set  of  information  can  usually  be  pre¬ 
sented  by  meairs  of  more  tlian  one  formal,  such  as  line  drawmgs,  tables,  diagrams,  arid  maps. 
The  best  fomrat  for  tlrat  information  depeirds  upon  what  aspect  of  the  informiition  is  coitsidered 
to  be  of  gj-eatest  interest-  For  example,  direcliom  to  a  specific  location  can  be  proviti'Sd  by  means 
of  a  map;  a  paragraph  description;  or  a  table  which  lists,  in  order,  the  actioirs  to  be  made  ("tunr 
right,  heading  2S7")  and  the  locations  at  which  the  action  L  to  be  performed  (at  RBV).  Qearly, 
some  fomrals  are  likely  to  be  more  helpful  tlwn  oU\ers,  although  individuals  ntay  vary  as  io 
wtuch  fomv2i  Utey  find  to  be  nu^t  useful. 

For  lAI’  charts,  four  t>'pes  of  graphic  fomxais  are  typically  used  (see  Figure  4-2): 

•  Topografiifka!  layouts  (maps),  which  provide  a  simplirted  representation  of  a  futile 
geogra^tical  s[.>ace.  Tlrese  byynts  are  used  in  the  plan  view  atul  Ute  airport  sketch. 

•  Grafdtic  layouts  (diagronrs),  which  provide  an  iconic  represenUtiion  of  a  patient  of 
iitfomralioii  A  gmpltic  representaliott  is  used  in  tl\e  profile  view  to  sirow  intpo-rtant 
information  about  tite  vertical  apptuach  paiit. 

•  Textual  format  (rmuiiitg  text),  wlticlr  provides  descriptioiis  of  ntissed  approadtes  aitd 
Oliver  verbal  dcbCriptiojxs. 

•  Tabular  format  (tables),  which  are  used  to  Usv  hnding  ntittimums  and  approach  times  at 
spedtiic  airspeeds. 

live  unique  qualities  of  each  fonivvl  must  be  kept  in  mind  wlven  applying  the  guidance  infonna¬ 
tion  described  here.  Not  all  of  the  guidance  information  will  apply  to  each  type  of  fornut.  Ibe 
attempt  has  boon  nude  to  poiivt  out  appilcaliove^  to  dilferent  fomuts,  os  appropriate. 

AU  of  Ine  fonvuts  do  slure  a  comnvon  stjurture,  in  that  tivey  are  all  hieraahica!  in  luture.  TIvLs 
means  tlut  tlvero  are  levels  of  infonvuiimv,  with  the  highest  levels  in  the  hierarchy  consisting  of 
the  brgest  chunks  or  number  of  mdividrul  elements  (see  Figure  4-3).  Fach  ehua!.  is  compa'iixl  of 
snuiler  chmvks  until  Uie  lowest  levels,  five  individual  elements,  are  reached.  In  live  case  of  the 
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Figure  4-3.  Hierarchy. 


NOS  cliarts^  tlte  highest  level  is  defined  by  the  five  n^jor  sections  of  the  chart.  Each  level  com¬ 
prises  chunks  or  ii^ormation  elements  that  slrare  some  coiKeptual  property.  This  shared  prop¬ 
erty  is  a  relationship.  For  example,  the  plan  view  contains  all  of  the  information  that  relates  to 
geographical  orientation,  including  runway  location  and  Important  waypoints  that  cair  be  used 
for  determirring  one's  own  patir  and  orientation  relative  to  tlic  runway.  OUrer  types  of  relation¬ 
ships  Uv’t  might  be  used  include: 

•  EifualHy  of  mportatisx.  A  hiemiclry  could  be  coirstmcted  on  the  basis  of  importance,  for 
example,  as  related  to  safety,  wiUr  the  more  important  infomaation  being  positioned 
higher  up  in  the  hieiarclry. 

•  I^me  of  flight.  Each  phase  of  the  flight  involving  the  use  of  sm  lAP  chart  could  have  its 
own  s^on  of  the  chart.  All  of  the  infomiation  relevant  to  large-scale  navigation 
involved  in  getting  to  the  runway  could  be  in  one  location  (e.g.  plan  view)  while  the 
details  of  transitioning  down  to  the  runway  (e.g.  profile  view)  would  be  elsewhere. 

•  Sam  type  of  mfomipim.  For  example,  waypoints  might  be  differentiated  from  oUrer 
types  of  travigafion  information  iir  order  to  allow  tlie  drart  user  to  visually  ntove  honr 
one  waypoint  to  another. 
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•  Frequency  of  information  access.  Some  information  elements  may  be  frequently  accessed 
by  the  chart  user  while  other  elements  are  rarely  lased.  hifom\ation  elements  could  be 
hierarchically  organized  on  the  basis  of  access  frequency 

The  relationships  used  to  group  information  elements  are  determined  by  the  organizational  logic 
of  the  chart.  It  is  likely  that  the  hierarchy  will  be  based  upon  more  than  one  type  of  relationship. 
In  the  NOS  charts,  for  example,  all  of  these  relationships  can  be  found  in  various  parts  of  the 
chart.  Keeping  them  sorted  out  then  becomes  an  important  goal  of  chart  design.  Regardless  of 
the  type(s)  of  relationship  used,  the  goal  is  to  emph^ize  the  sharing  of  a  common  property. 
Design  tools  can  then  be  used  to  show  that  the  individual  elements  "belong  together"  (in  a 
conceptual  sense,  not  necessarily  a  physical  sense)  so  as  to  support  movement  of  the  eye  from 
one  element  belonging  to  a  group  to  another. 

Showing  group  membership  of  chart  elements  is  important  but  must  not  be  done  at  the  expense 
of  inhibiting  detection  of  individual  information  parts  or  elements.  Individual  elements  must  be 
clearly  distinctive  so  as  to  enable  rapid  discrimination  between  them.  It  is  likely  that  the  chart 
user  wih  ultimately  be  interested  in  one  waypoint  at  a  time.  Emphasizing  the  sliared  group 
membership  of  all  waypoints  is  important  but  must  not  reduce  the  user's  ability  to  utilize  the 
available  information  about  tlie  target  waypoint  once  it  has  been  found.  Tradeoffe  between 
discriminability  and  commoirality  will  have  to  be  made. 

The  remaiiung  two  section^  of  this  cliapler  describe  the  design  tools  tlujt  can  be  used  in  support¬ 
ing  discrinunability  of  parts  and  relationships  between  tiiose  parts.  It  Ls  important  that  th^  tools 
be  used  after  t’  e  organizational  logic  of  the  clwrt  lias  been  specified.  Tliis  organization  will 
determine  how  the  infonriation  should  be  laid  out  on  the  cliart  and  influence  how  tlie  design 
tools  sliould  be  used.  Consequently,  tlie  first  tool  for  design,  then,  is  of  a  conceptual  nature. 


Before  beginning  the  design  process,  prepare  a  hierarchical  organization  that 
specifies  the  categories  of  information  that  will  be  used  and  the  elements  that 
belong  to  each  category.  Define  the  categories  on  the  basis  of  the  types  of 
relationships  to  be  emphasized  in  tlie  design. 


SPECIFYING  PARTS 

In  keeping  with  the  hierarchical  nature  of  the  organizational  logic,  an  lAP  cliart  possesses  mul¬ 
tiple  levels  of  parts,  the  highest  level  being  tlie  major  sections  of  tlie  cliart,  the  lowest  level  being 
tlie  individual  information  elements.  Thlscliapter  provides  guidance  on  how  to  design  on  lAP 
chart  tliat  enables  tlie  user  to  quickly  identify  tluil  part  of  the  cliart  most  likely  to  contain  Uie 
target  infonnalion.  The  empliasls,  therefore,  is  on  how  to  visually  differentiate  Uie  Larger  parts  of 
die  chart.  Guidance  on  differentuiting  individual  inforncilion  elements  is  described  in  Chapter  6. 
It  should  be  noted  tiuit  the  same  basic  visuiil  processes  are  used  to  differentiate  parts  or  elements 
at  all  levels  of  the  organizatioiuil  hierarchy.  Tlie  decision  to  address  part  differentiation  and 
element  differentiation  in  two  separate  cliaplets  is  based  upon  tlie  assumption  tliat  Uie  guidance 
information  can  best  be  explained  if  it  is  oriented  specifically  towards  a  given  Infonnationa!  level. 
Tlie  principles  of  part  differentiation  are,  in  many  respects  simpler  at  the  higher  levels.  LHfferenli- 
atiiig  individual  i^wnts  is  greatly  influenced  b)  the  type  of  element  being  considered,  for 
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example,  alphamimeric  characters  versus  symbols.  Chapter  4  presents  broad  principles  that 
underlie  the  more  specific  guidaiKe  provided  in  Chapter  6.  Familiarity  with  these  broad  prin¬ 
ciples  should  help  to  make  the  more  specific  principles  described  in  Chapter  6  easier  to  under¬ 
stand. 

In  considering  how  to  differentiate  the  nwjor  sections  of  the  chart,  the  concept  of  a  frame  Is  useful 
(see  Hgure  4-4).  "Framing  is  tire  imposition  of  a  structure  that  makes  image  areas  distinct  it 
causes  the  eye  to  pause  in  its  travels  through  space.  It  initiates  a  transition  from  the  random 
textur  e  of  the  environment  to  a  specific  point,  or  points  of  focus"  (Cavalier,  1988,  p.  305).  A  frame 
defines  a  part  of  the  chart  as  a  sefi-contained  section  comprised  of  individual  elements  tlrat  are 
both  spatially  and  conceptually  related  to  each  other.  Framing  thus  defines  the  limits  of  a  particu¬ 
lar  conceptual  space,  specifying  both  the  limits  of  where  a  body  of  conceptual  information  ends 
and  serving  to  define  visual  boundaries  that  can  help  to  prevent  the  eye  from  unintentionally 
wairdering  into  other  fiames. 


Part 


Frame 


Figure  4-4.  Frames. 


A  frame  can  be  defined  in  two  ways.  If  the  clrart  section  possesses  a  strong,  coherent  visual  slrape 
or  pattern,  the  overall  figure  defined  by  that  section  will  etrable  the  section  to  "Imng  together" 
visually.  Tlrls  approach  is  effective  if  the  iitdividual  parts  of  the  section  are  able  to,  together, 
comprise  a  uniform  region  of  conntxrlcd  parts  (Rock  &:  Palmer,  1990).  A  second  approach  is  to 
dearly  define  Ute  boundaries  of  Uie  section  by  means  of  boxes,  litres,  or  wlvite  space. 

Ideally,  both  ineUtods  sltould  be  used  redundantly  in  order  to  provide  the  strongest  differentia¬ 
tion  of  individual  frames.  However,  each  clwrt  section  contaiirs  a  number  of  information  ele- 
nrents  whose  location  on  the  chart  is  defined  by  factors  outside  the  control  of  the  clrart  designer, 
hr  particular,  those  elements  which  represent  geographic;rl  locations.  Coirsequently,  tire  designer 
nvry  have  little  iirflucncc  over  Uie  overall  figure  conrpjised  by  the  individual  parts  of  a  section. 
However,  figural  defiirition  can  lake  pbco  hr  a  slightly  differetrt  way,  tirat  of  ensurhrg  tlrat  each 
drart  section  has  its  owir  disthrctive  appeanrirce. 

Givcm  these  dual  nrctlrods  of  specifyiirg  frames,  tire  pnnrary  design  tools  available  for  differenti¬ 
ating  drart  sections  ore: 

•  Disthrctive  visual  appearance 
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•  Stajndard  location 

4^1  Distinctive  Visual  Appearance 

Although  it  is  not  always  posable  to  define  individual  chart  sections  by  means  of  a  strong  visual 
form,  ensuring  that  each  major  section  of  the  chart  has  its  own  unique  visual  appearaiKe  does 
contribute  towards  supporting  the  ability  of  each  chart  section  to  defii\e  itself  through  its  own 
form.  Use  of  tiiis  tool  is  made  possible  by  the  variety  of  types  of  infonnation  that  to  be 

included  on  a  chart  Section  42  described  several  graphic  formats  that  are  used  to  present  chart 
information.  The  plan  view  and  both  airport  views  use  a  topographical  layout,  in  contrast  to  the 
tables  used  to  present  laruling  minimums  and  the  diagram  us^  for  the  profile  view.  Also,  each 
section  differs  radically  from  each  other  in  size,  basic  shape,  and  location  on  the  page.  These 
unique  section  appearances  help  the  user  to  quickly  confirm  that  the  desired  part  of  the  chart  has 
been  reached.  Consequently,  it  is  important  to  preserve  these  distinctive  appearances  by,  for 
example,  avoiding  the  use  of  multiple  tables  for  presenting  very  different  types  of  information, 
tmless  these  tables  are  visually  distinctive  (e.g.  very  different  sizes).  Similarly,  these  tools  imply 
the  need  to  avoid  using  long  lists  of  infonnation  items  or  large  amounts  of  running  text 


Preserve  foe  unique  appearance  of  each  major  section  of  foe  chart. 


Standard  Location 

A  time-honored  human  factors  principle  for  laying  out  infomration  is  to  assign  categories  of 
infonmtion  to  standard  locations.  A  standard  location  allows  the  user  to  develop  expectations  as 
to  where  categories  of  mfonrration  can  always  be  found.  This  allows  the  eye  to  automatically 
move  to  that  part  of  the  chart  without  having  to  scan  tire  entire  chart.  Use  of  standard  locations 
can  occur  at  leveh  within  the  hierarchy.  For  example,  on  tire  NOS  cliarts,  the  profile  view 

section  of  the  chart  is  always  located  near  the  lower  lefthand  comer  of  the  chart  Within  this 
section  of  the  chart,  the  missed  approach  instructions  can  be  found  in  either  of  two  locations, 
depending  upon  the  direction  of  the  runway  approach.  3y  using  standard  locations  at  multiple 
levels  within  the  organizational  hierarchy,  l^th  the  orientbrg  and  search  proc^ss^  (described  in 
Chapter  3}  are  supported,  enabling  nu»e  rapid  acc^  not  only  to  a  section  of  the  chart  but  also  to 
the  ^^edfic,  target  infotmatioit 


Whenever  possible,  design  foe  chart  to  have  standard  locations  for  categories 
of  infonnation  and.  when  pc^stble.  for  individual  InformatlOTi  elements. 


4^  lilethods  for  Defining  Boundaries 

Once  the  correct  part  of  the  chart  has  been  reached,  it  is  inrportant  to  specify  the  bautviaries  of 
that  section.  In  searching  for  the  defied  target  iirformation,  the  eye  can  acddcntally  nrove  into 
another  sectiorv  thus  nc^lessly  expanding  tire  anumnt  of  chart  space  that  must  be  seardred. 
Boundaries  avoid  this  problem  by  providing  visital  limits  that  keep  the  eye  witiiln  the  appropii' 
ate  chart  section.  Sevei^  types  of  bounding  tools  are  availaNe.  Boundary  boxes  are  cun^y 
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used  on  NOS  charts  (see  Figure  4-5).  The  lines  of  the  box  dearly  distinguish  the  borders  of  each 
section.  A  second  type  of  bourrdary  is  that  of  a  line.  Lines  are  frequently  used  to  define  the 
columns,  rows,  and  cells  of  a  table.  They  also  can  be  used  to  separate  higher-level  Information 
chunks  in  place  of  a  complete  box. 

Boxes  and  lines  oifer  distoctive  ways  of  separating  one  space  from  another.  They  can,  however, 
help  to  dutter  the  chart,  especially  if  the  section  being  bovmded  already  possesses  a  substantial 
number  of  line  dements.  In  this  case,  a  more  effective  tool  might  be  the  use  of  white  space  as  a 
boundary.  The  eye  tends  to  ignore  white  space  in  favor  of  more  informative  elements  such  as 
lirres.  In  effect,  white  space  encourages  the  eye  to  "stop."  Consequently,  white  space  can  offer  a 
"deaner"  method  for  defining  section  boimdaries  in  comparison  to  boxes  or  lines.  White  space 
can  also  be  used  to  represent  hierarchical  differences  by  varying  the  amount  of  space  used  to 
separate  dements  at  various  levels  in  the  hierarchy.  To  separate  information  chunks  at  the 
highest  levds  in  the  hierarchy,  brge  amoimts  of  white  space  should  be  used.  Progressively 
smaller  amoimts  to  separate  dements  at  lower  liierarchical  levels  help  to  maintain  hierarchical 
Jevd  distinctions. 


Use  a  bourKilng  tool  to  define  parts  of  a  chart.  Boxes  provide  the  strongest 
method  for  visually  bounding  a  space.  Lines  are  a  more  subtle  method  that  is 
especially  useful  for  defining  lower-level  boundaries  such  as  between  elements 
in  a  table.  To  avoid  further  cluttering  a  chart  that  already  possesses  a  large 
number  of  line  elements,  white  space  can  be  used. 


44  SPECIFYING  RELATIONSHIPS 

Section  43  described  some  tools  that  can  be  used  to  differentiate  sections  and  individual  infor- 
nution  elements.  Tliis  section  looks  at  how  rebtionships  between  items  can  be  embodied  in  the 
chart.  The  design  goal  of  relationships  is  to  visually  empliasize  commonalities  between  indi¬ 
vidual  pieces  or  types  of  Infomiation.  The  goal  is  to  provide  a  "path"  for  Uie  eye  to  follow  from 
one  related  dement  to  another.  These  patte,  together,  comprise  a  visual  pattern  Uiat  can  be 
detected  wliile  at  the  same  time  preserving  the  distinctiveness  of  the  individual  information 
pieces.  PaUems  thus  become  an  important  means  for  conveymg  tiie  visual  str  .cture  of  the 
display. 

Cavalier  (1988)  describes  the  types  of  relationships  tlwt  need  to  be  visualiaed  for  a  hiemithical 
organization  'To  create  hierarchy  is  to  initiate  a  transition  from  one  state,  where  individual 
dements  function  at  Uve  same  level  of  value  to  another  state,  where  individual  dements  are 
given  greater  or  lesser  importance.  Hierarchy  is  a  condition  which  structures  sequential  opera¬ 
tions  between  diverse  components.  It  regulates  the  process  of  transition  so  that  it  occurs  between 
functions  whidi  are  arranged  and  linked  in  order  of  im|)ortance"  (p.  319).  Implied  in  liis  descrip¬ 
tion  are  two  basic  types  of  relationships  tliat  must  be  considered  (see  Figure  4-1).  Vertical  relaibns 
refer  to  relations  between  items  acro^  multiple  liierarchical  levels.  In  a  sense,  vertical  rdaUons 
exemplify  the  coiKept  of  a  hierarchy:  Multiple  sets  of  infomiation  are  nested  within  a  higlier 
level  representing  some  property  shared  by  Uie  information  sets.  For  example,  the  specific 
landing  minimunr  values  for  cacli  aircraft  category  vertically  relate  to  Uie  lUgher-levd  category. 
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Figure  4-5.  Use  of  boundary  tools  on  NOS  charts. 
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"landing  minimums Literal  relaiions  reflect  a  common  property  shared  by  all  of  the  Information 
dements  within  a  given  level  Effective  chart  design  must  support  both  ty^  of  relations. 

The  concept  of  a  flame  was  introduced  in  Section  4-3  to  refer  to  a  group  of  items  belonging  to  the 
same  hierarchical  level  This  concept  was  introduced  in  the  previous  section  in  reference  to  the 
major  sections  of  tlie  chart  For  example,  the  chart  designer  might  wish  to  emphasize  the  distinc¬ 
tiveness  of  intersections  as  a  class,  perhaps  by  usin^  an  intersection  symbol  such  as  a  triangle. 
VORTACs,  because  they  belong  to  a  different  class  of  objects,  would  have  a  different  symbol  All 
of  the  intersections  are  ftus  treated  as  belonging  to  ons  frame  Vv'hile  the  VORTACs  belong  to  a 
different  flame.  Since  both  intersections  and  VORfACs  are  likely  to  be  found  in  the  same  section 
of  the  chart,  the  chart  designer  might  wish  to  layer  the  franres,  allowing  them  to  be  located  near 
each  other  but  keeping  them  visu^y  and  conceptually  separate  (see  Figure  4-6).  A  series  of 
frames  can  be  layered  on  top  of  each  other  to  support  vertical  relations  in  that  both  intersections 
and  VORTACs  share  memikrship  in  the  higher  hierarchical  level  of  geographical  informatioiv 


Figure  4-6.  Layering. 

lire  concept  of  byering  derives  from  our  experier.ee  of  objects  in  a  tlvree-dimeirsional  space: 
■niluee-dimensional  space  Iras  an  almost  infinite  potentwl  of  visual  plmes,  receding  from  the  eye, 
which  can  contain  Ute  objects  of  the  external  world"  (Wood,  1968,  p.  58).  Tlwre  are  a  numixjr  of 
fonns  of  visual  information  tlwt  enable  us  to  differentiate  near  objects  from  those  located  farther 
away.  These  forms  of  iiifonnalion  can  be  applied  to  dLstlngulslni\g  infomtalion  elemeitts  wltich 
are  assigned  to  different  itffonitation  layers  (Dent,  1972;  Wood,  19^). 

Attempting  to  embody  both  bteml  aitd  vertical  rebtions  can  quickly  become  complicated. 
However,  eadi  appro^  has  its  own  set  of  design  tools,  llie  clioice  of  these  tools  is  detennhred 
by  two  factors: 

•  The  type  of  hieiarclucal  rebtion  being  embodied  (bteral  or  vertiaU); 

•  Tire  location  of  tlu?  rebted  itenw,  tlrat  is,  whellwr  the  mbled  oloimnts  are  located  close 
to  each  other  or  are  sepamtod  on  the  clurt. 

Conobimng  tlie  two  dimensions  of  type  of  hierarcWcal  rebtion  (bteral  or  vertical)  atkl  location 
(close  or  separate)  produces  a  two-by-two  matrix  comprised  of  four  cells: 

•  Items  belonging  to  tlie  same  hierarciiical  level  and  located  next  to  ead\  oU\er. 
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•  Items  bdonging  to  the  same  hierarchical  level  and  not  located  next  to  each  other. 

•  Items  belonging  to  different  hierarchical  levels  but  located  next  to  each  other  (or^  in 
many  cases,  on  top  of  each  other). 

•  Items  belonging  to  different  hierarchical  levels  and  not  located  near  each  other. 

Table  4-1  shows  the  categories  of  tools  available  for  specifying  each  of  the  four  types  of  relations. 
These  tools  are  described  in  the  remainder  of  this  Section. 


Hierarchical  Level 


Location 


Same  (Lateral)  Different  (Vertical) 


Same 

Proximity 

Contrast 

(Near) 

Bounding 

Interposition 

Different 

Similarity 

Similarity 

(Separate) 

“Pointing" 

"Leading" 

Table  4-1,  Types  of  Hierarchical  Relations 


4A1  Same  NIeratchIca)  Level,  Same  Location 

Ute  hierarchical  ruiture  of  cliart  ii\foiwaUon  orgajiization  suggests  that  dislingu!"^^^ '  g  n^ajor 
parts  of  a  chart  is,  in  some  respects,  the  same  concept  as  showing  rebtiomlu|»  between  parts.  It 
all  depends  upon  wliat  level  in  the  liierarchy  one  is  talking  about.  For  example,  at  tite  highest 
level  of  the  hierarchy,  a  part  is  a  nyjjor  section  of  the  clwrt.  Hoxvever,  those  elements  Utat  are 
nested  within  the  highest  level  (i.e.  the  next  level  down  in  the  lUerarchy)  belong  to  that  level 
because  of  some  shared  property.  When  Ute  bitenlion  is  to  show  membership  in  a  category,  Ute 
simplest  method  is  to  lo^e  Uiem  in  Ute  same  section  of  Uie  chart. 

4.4.1 .1  pRoxmrv 

The  principle  of  proximity  refers  ';o  the  •‘'assumption"  nrade  by  the  visual  system  that  items 
which  are  located  dose  to  eacli  other  are  somehow  related.  "Pioximily  develops  the  exjxxtation 
tlrat  what  we  see  occuning  in  a  particular  frame  fonm  a  partictdar  system.  To  create  proximity  is 
to  intenrupt  a  random  pauem  by  grouping  elements  into  sets.  It  Is  a  traasition  from  a  stale  of 
forma!  independeiKe  (patterning)  to  an  inter-depei\dence  (bridging)  between  individual  de* 
inents  as  Utey  appear  and  how  tliey  operate  as  a  group.  Tlie  space  between  individual  elements 
invites  them  in  Uve  formation  of  an  apparent  system"  (Cavalier,  1988,  p.  314).  ftoxiniity,  for 
example,  is  a  key  tool  for  labeling  symbols.  That  label  wiuch  is  closest  to  the  symbol  is  assumed 
to  bekmg  to  it  Fioximity  also  rel^  Uie  Individual  dements  of  a  table. 
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Proximity  provides  a  strong  visual  cue  for  shared  category  membership. 


L 


i 


4.4.1 .2  Boundinq 

Proximity  relations  are  most  effective  if  they  are  supported  by  an  obvious  visual  frame.  The 
frame,  in  effect,  defines  the  limits  on  which  information  elements  are  defined  as  proximally 
related.  Tables  offer  a  good  example  of  combining  proximity  with  the  use  of  boimding  tools. 
Tabular  information  is  presented  in  a  series  of  cells  aeated  through  the  coming  together  of  rows 
and  columns.  Rows  and  columns  are  created  through  sequences  of  information  elements  that  are 
oriented  both  vertically  and  horizontally.  When  space  is  not  a  constraint,  variations  in  spacing 
between  elements  at  different  levels  in  hierarchy  offer  an  effective  tool  for  representing  the 
hierarchical  nature  of  the  table.  Table  4<1  shows  how  this  principle  works.  The  greatest  amount 
of  white  space  defines  the  boundaries  of  the  table  itself.  Smaller  amounts  of  white  space  separate 
the  individual  cells  within  the  table  while  the  smallest  space  separates  the  words  within  tire  same 
cell.  If  there  is  not  enough  space  available  to  nraintain  an  appropriate  ratio  of  space  between  cells 
versus  space  between  the  table  and  non-table  information,  the  use  of  lines  is  required.  These  lines 
can  then  serve  as  boundaries  which  define  the  spatial  limits  of  tire  table.  This  is  the  approach 
used  in  NCS  charts  (see  Figure  4>7). 
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Figum  4-7.  The  use  of  tsounding  lines  on  NOS  charts. 


Use  of  the  boundhrg  tools  (boxes.  Hires,  white  space)  should  be  considered  when  using  proxinrity 
as  a  tool  for  defining  slrared  category  nrenrbership. 


Tools  such  as  standard  location  and  boundaries  can  be  used  to  specify  related 
intomration  if  the  information  eioments  that  possess  the  shared  property  can  be 
physically  located  near  each  other. 


4.4J2  Same  Hteraibhk^EdLevehDfffeient  Location 

The  effective  use  of  proximity  requires  that  menrber  iirfomration  elements  be  dusteied  togetlr^ 
into  a  conrmon  space.  When  the  distances  between  individual  items  beconres  too  groat  dre 
proximity  relation  breaks  down.  Hems  then  appear  to  be  randomly  oiganized.  This  is  often  the 
case  for  iirfbrmatioir  presented  using  a  topograptrical  fomrat  The  example  of  the  intersection  and 
VORTAC  syurbols  exemplifies  the  probl^  The  chart  d  esigner  may  wi^  to  emphasize  member- 


ship  in  the  same  category  for  items  located  through  the  topographical  layout  to  enable  tlie  eye  to 
quickly  move  from  one  category  member  to  another.  Since  these  items  must  be  positioned  in 
their  conect  geographical  locations,  the  proximity  tool  caimot  be  used. 

Three  methods  can  be  used  for  specifying  relatedness  between  items  that  are  not  closely  located 
to  each  other  Similarity,  "pointing,"  and  "leading." 

AA2A  Similarity 

Our  visual  system  tends  to  assume  that  items  which  look  the  same  are  similar  in  other  respects  as 
well  Similarity  allows  the  visual  grouping  of  individual  elements.  Also,  the  visual  system  can  be 
"set"  to  look  only  for  similar  items  while  ignoring  dissimilar  items.  Consequently,  the  eye  can 
move  quickly  ftom  one  related  item  to  another. 

Types  of  similarity  to  which  our  visual  system  is  sensitive  include: 

•  Color 

•  Texture 

•  Shape 

•  Size 

Some  types  of  similarity,  however,  are  more  effective  than  others.  Illative  effectiveness  of  the 
similarity  metliods  ore  discussed  in  Section  6.3  of  Qupter  6. 

The  infomiation  elements  tliat  need  to  be  grouped  are  detemiined  by  the  organizational  logic  of 
the  chart.  Once  tliis  has  been  determined,  it  is  tlien  possible  to  define  appropriate  visual  patterns 
for  each  group.  The  aim  is  to  iiave  a  consistent  visual  pattern  in  a  grouping  and  the  dear  differ* 
entiation  of  pattenrs  across  groupings. 


CotiCeptual  grouping  of  information  elements  can  be  encouraged  by  assigning 
a  common  visual  property  (color,  texture,  shape,  size)  to  members  of  that 
group. 


4.4.2J2  PoumMO 

A  second  approacti  is  to  use  one  syn>bol  elemtnu  to  "point  to"  another.  This  can  be  done  in 
several  ways.  A  comnron  method  is  to  us®  an  arrow  to  move  the  eye  fronr  one  element  to  an* 
oUrer,  for  example,  from  a  label  to  its  symbol.  In  litis  case,  the  distance  between  the  two  dements 
is  compensated  for,  to  some  extent,  by  the  length  of  the  arrow.  A  more  subtle  approadt  is  used  to 
cross  larger  distances  between  elements.  An  arrow  can  be  used  to  poiitt  in  Utegerieml  direciiort  of 
the  related  elentenf.  For  example,  on  NOS  ctorts,  a  dotted  arrow  is  placed  at  Ute  end  of  Ute 
runway  to  show  the  path  to  be  followed  in  tlie  early  stage  of  the  miked  approach  procedure  (see 
Figure  4-8).  Tlie  holding  pattern  location  nwy  be  some  distance  away  on  tlie  chart.  Rather  Uian 
use  a  iiire  to  ^xafy  the  endre  patli,  tlie  arrow  points  in  the  general  direction  of  where  the  hold- 
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ing  pattern  is  located.  The  eye  derives  its  initial  directional  guidance  from  the  arrow,  then  contin¬ 
ues  to  move  in  that  direction  until  the  waypoint  specifying  the  holding  pattern  location  is  found. 


Figum  4'8.  Use  of  pointing  to  specify  a  missed  approach  on  an  NOS  chart. 


As  this  example  suggests,  tlie  eye  is  responsive  to  pointing  elements.  Once  the  movement  is 
initiated,  the  eye  tends  to  continue  in  tlint  direction  until  some  other  element  stops  it.  This  cliarac- 
teristic  of  the  visual  system  is  boUi  an  advantage  and  a  disadvantage.  The  dvait  designer,  tliere* 
fore,  nuist  consider  two  factors: 

•  Which  infonnation  elements  are  sltaped  so  as  to  cause  eye  movement  to  begirt 

•  Wlrat  infonnation  elemeiU(s)  is  avaibble  to  stop  tlie  nu>vement. 

The  dvart  designer  should  review  each  h\fonnation  element  on  U\e  chart  to  determine  if  it  has  the 
potatUal  to  cause  directional  eye  movements.  This  is  especially  important  If  the  denrent  is  not 
iritetidod  to  cause  such  movements.  If  uniiitendcd  directloivrl  movement  by  a  symbol  can  be 
initiated,  consideration  should  be  given  to  providing  a  means  for  stopping  Uic  movement. 
Otherwise,  Uie  eye  is  likely  to  wander  off  and  effort  ivill  itavc  to  be  made  by  the  chart  user  to 
letum  the  eye  to  more  appropriate  paUvs. 

For  those  dements  which  are  iitiended  to  cause  tlus  movement,  ilu?  expected  path  of  the  eye 
slmuld  be  reviewed  to  determine  if  Ure  item  intexuied  to  stop  it  (e.g.  the  holding  paUenO  is  placed 
appropdaidy  along  this  path. 
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The  method  of  "pointing"  offers  a  useful  tool  for  guiding  the  eye  from  one  related 
item  to  another  while  avoiding  the  clutter  that  can  occur  from  the  use  of  lines 
and  other  direct  connecting  methods.  If  pointing  is  used,  make  sure  that  the 
path  specified  by  the  originating  element  will  move  the  eye  to  the  intended 
target  element.  Also,  make  sure  that  unintended  pointing  Is  avoided. 


4.4.2.3  “Leadinq" 

The  least  subtle  method  for  grouping  widely  spread  infoimation  elements  is  to  actually  connect 
the  elements  to  each  other  by  means  of  lines.  In  effect,  the  line  "leads"  ti\e  eye  from  one  point  to 
another.  The  most  obvious  use  of  this  method  is  found  on  the  plan  view  to  describe  tlie  approach 
path  to  the  runway.  While  following  this  path,  the  eye  will  also  find  other,  related  information 
elements,  such  as  the  symbols  for  outer  and  middle  markers. 

The  advantage  of  this  approach  is  that  it  clearly  defines  a  critical  path  that  the  eye  can  follow. 
Because  the  eye  is  drawn  along  this  path,  it  will  necessarily  find  those  information  elements  that 
should  be  seen  Tlus  method  should  be  used  sparingly,  however,  because  it  can  contribute  to 
chart  clutter.  Consequently,  for  situations  involving  less  critical  information,  cfrier  methods  such 
as  sinularity  and  pomting  should  be  used. 


"Leading"  the  eye  from  one  information  element  to  another  by  means  of  lines  or 
arrows  provides  the  strongest  moans  for  relating  similar  elements,  it  should  be 
used  sparingly,  however,  to  avoid  clutter. _ 


4.4,3  Different  Levels,  Same  Location 

In  some  cases,  it  is  necessary  to  deal  with  itenxs  tliat  belong  to  different  brformation  categories 
but  must  be  located  near  or  even  on  top  of  each  other.  Ibis  situation  often  arises  because  d  space 
constraints.  For  exaiin  ’ in  attempting  to  show  a  marker  beacon  wliich  is  located  along  a  body 
of  water,  Uie  size  of  the  symbol  may  result  in  part  of  the  symbol  having  to  be  positioned  on  top 
of  the  symbol  signifying  Uiebody  of  water.  A  geographical  locition  iliat  Is  covered  by  the  marker 
beacon  may  also  need  to  be  specified,  resulting  in  there  being  a  label  or  line  symbol  being  pbced 
on  top  of  the  marker  beacon.  Hie  end  result  can  be  tluee  or  more  symbols  which  all  need  to  be 
positioned  in  the  same  location  on  U<c  rtxart 

This  type  of  situation  emphasizes  the  value  of  tlio  layering  cosKept.  Each  category  of  sytnbol  can 
be  treated  as  belonging  to  its  own  clwrt  Layer.  I‘or  example,  the  first  byer  is  Ural  of  Uie  gmut¥l.  It 
is,  in  effect,  tire  white  page  before  any  other  marks  are  applie«.i  to  it.  The  next  layer  might  be 
tenain  marks,  such  as  tlrose  specifying  bodies  of  w  ater.  Upon  this  layer  might  be  placed  locaUon 
symbols,  such  as  iX)Ms  or  marker  beacons.  Label  infonnailon  might  thiat  comprise  the  top-most 
layer.  The  efftciive  use  of  byering  depends,  of  course,  on  there  being  a  mean Ingful  oiganiza- 
tional  logic  Uiat  is  used  to  assign  elements  to  sp.icific  byers.  Once  U\e  organizational  logic  of  the 
byeis  been  developed,  two  types  of  design  tools  can  be  used  to  suj^xt  perception  of 
nuiltij^  byers,  rebUve  contrast  and  interposition. 
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4.4.3.1  Contrast 


The  concept  of  layering  was  derived  from  our  experience  with  objects  in  three-dimensional 
space  This  has  led  to  the  application  of  three-dimensional  depth  cues  in  support  of  layer  differ¬ 
entiation  on  the  two-dimensional  surface  of  a  page  or  saeen.  All  of  the  techniques,  described 
under  the  heading  of  "Contrast,"  are  based  upon  the  perceptual  phenomenon  of  aeria!  perspective 
(E>ent,  1972).  AeiM  perepective  refers  to  variations  in  distinctiveness  and  color  of  objects  as  a 
function  of  their  distance  from  the  observer.  For  example,  when  viewing  mountains  at  varying 
distances,  the  farther  mountains  app^  to  be  faded  and  less  distinct,  in  contrast  to  the  brighter 
colois  and  crisper  shapes  of  nearer  objects.  These  differences  are  due  to  light  refraction  through 
the  atmosphere  and  also  occur  in  achromatic  situations.  Distant  objects  viewed  on  a  foggy  night 
appear  grayer  with  softer  edges  in  contrast  to  closer  objects  (Dent,  1972). 

Variations  in  relative  contrast  can  be  used  to  specify  rebtive  byer  "distairce"  in  several  ways 
(Dent,  1972).  One  approach  is  to  manipubte  the  contrast  between  the  edges  of  information 
elements  located  on  different  byers  (see  Figure  4-9).  Objects  at  progressively  higher  levels 
(moving  from  the  "ground"  byer  up)  shoiild  liave  progressively  sharper  edges.  The  sharper  the 
edge,  the  mote  Ukely  it  will  be  that  ftre  element  defined  by  that  edge  stand  out  against 

<dements  with  softer  ^ges. 


Figure  4-9,  Specifying  muitif^a  layers  through  van^tons  in  edge  contrast 


Use  variations  in  the  shaipness  of  edges  to  define  multipie  infomiallon  etenient 
layers. 


A  second  aj^roach  is  to  bti^hUts^  conirssi.  For  monochromatic  patterns,  the  brightness  of 

an  element  is  determined  by  Uie  ink-to-paper  ratio,  llie  Wgher  Uie  ink-to-paper  ratio,  the  brigSuer 
the  element  appears.  The  ol^ecti  ve  is  to  have  the  brightest  element  apjjcai’  to  be  closest  to  the 
reader;  therefore,  ebme.its  located  on  higher  byers  should  have  a  luglier  ink-to-paper  ratio  than 
elemaits  positioned  on  lower  surbees  (si^  Figur  e  4-10). 

ITUs  variation  allows  Ure  chan  user  to  immedbtely  see  that  multiple  elements  from  different 
layers  ore  positioned  on  top  of  or  close  to  each  other.  An  example  of  this  approach  is  used  on  the 
Airport  Dbgiunr  section  cf  NOS  clrarts  (see  Figure  4-1 1 ).  The  runways  are  in  black  while  build¬ 
ings  and  taxivvays  are  hi  gray.  Both  types  of  infotnraUon  are  avaibble  to  Ure  chart  user  but  tire 


69 


Figure  4-10.  Specifying  multiple  layers  through  variations  in  brightness  contrast. 

(Adapted  from  Dent,  1972) 


Figure  4-11.  Brightness  contrast  used  for  layennn  on  the  Airport  Section  of  an  NOS  chart. 
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nmway  shapes,  assumed  to  be  more  important,  act  as  the  highest  layer  and  visually  dominate 
the  section.  Based  upon  experimental  research.  Dent  recommends  t^t  the  texture  and  brightness 
differences  must  be  5.0  lines  per  inch  and  ten  percent  respectively  when  the  dot  sizes  are  similar. 

In  terms  of  color,  a  study  by  Johns  and  Sumner  (1948,  cited  by  Wood,  1968)  showed  that  bright 
colors  (whik  ^nd  yellow)  were  seen  as  nearer  than  neutral  gray  while  darker  colors  (green,  blue 
and  black )  appeared  farther  away  than  neutral  gray.  These  results  led  Wood  to  conclude  that  the 
richest  colors  ^ould  be  used  on  the  highest  layers,  reserving  paler  colors  for  lower  levels. 


Variation  in  brightness  contrast  is  a  useful  tool  for  differentiating  between  items 
from  different  layers.  For  monochromatic  charts,  information  elements  on  the 
higher  levels  should  be  darker  than  elements  on  the  lower  layers.  If  color  is 
used,  brighter  colors  should  be  used  for  the  higher  layers. 


The  chart  designer  can  also  vary  coarseness  of  texture  while  keeping  brightness  constant  (Dent, 
1972).  Dent's  subjects  were  more  likely  to  perceive  the  coarser-textured,  larger-dot  pattern  as 
figure  rather  than  finer-textured,  smaller-dot  patterns.  This  is  not  surprising  because  a  finer 
texture  aL«o  tends  to  have  a  less  distinct  edge.  Based  upon  experimental  evaluation.  Dent  recom¬ 
mends  that  a  texture  difference  of  at  least  10.0  lines  per  inch  be  used  to  ensure  maximum  dis- 
criminability. 


If  multiple  patterns  that  are  equally  bright  but  vary  in  coarseness  of  texture  and! 
size  of  dot  are  superimposed  on  each  other,  the  coarser  texture  should  be 
positioned  on  the  highest  layer. 


A  final  contrast  manipulat  m  that  can  be  used  is  articulatm  (Dent,  1985;  Wood,  1968).  Articula¬ 
tion  refers  to  the  amount  of  detail  used  on  a  symbol.  More  detailed  elements  tend  to  stand  out  as 
figure  in  contras*  w  less  detailed  elements,  which  is  consistent  with  our  experience  that  the 
feather  objects  are  away  from  us,  the  less  able  we  are  to  see  detailed  features  of  those  objects.  This 
design  tool  is  constrained,  however,  by  requirements  for  ens’  iring  that  the  user  can  clearly  see 
what  the  oymbol  is  and  distinguish  it  from  all  other  symbols. 


The  amount  of  detail  provided  on  a  symbol  can  be  used  to  vary  contrast. 
Detailed  symbols  tend  to  stand  out  as  figure  against  less  detailed  symbols. 


Line  elements  can  also  be  manipulated  using  the  principles  of  contrast  to  convey  relative  sigrufi- 
cance.  Variations  in  edge  contrast  are  one  example  of  using  line  contrast  to  differentiate  element 
layers.  Lines  which  comprise  their  own  figures,  such  as  arrows  and  radius  lines,  can  also  vaiy  in 
line  weight  (see  Figure  ^12). 

Dent  (1972)  argues  against  differentiating  visual  layers  by  varying  line  weight.  His  concern  is 
tlrat  edge  sharpness  cani\ot  be  easily  controlled,  thus  possibly  reducing  line  contrast  to  levels 
insufficient  for  adequate  legibility.  In  addition,  inae'^sing  the  line  weight  can  also  result  in  an 
undesirable  increase  in  the  brightness  of  the  line  when  used  on  electronic  displays.  However,  if 
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Figure  4-12.  Variations  In  line  weight. 


carefully  used,  line  weight  does  offer  a  viable  approach  if  all  variations  are  well  above  minimum 
contrast  levels. 


Varying  line  weight  is  an  effective  tool  for  signifying  variations  in  layers  if  care  is 
taken  to  ensure  that  the  lightest  weight  provides  sufficient  visual  contrast  to  be 
legible. 


In  place  of  manipulating  line  weight,  Dent  argues  for  the  use  of  variations  in  line  "character." 
Examples  of  such  variations  are  shown  in  Figure  4-13.  Several  line  variations  are  used  on  existing 
NOS  charts.  For  example,  a  solid  circle  is  us^  to  specify  the  outer  limits  of  that  part  of  the  plan 
view  that  is  set  to  scale.  Dashed  circles,  in  contrast,  denote  facilities  that  would  not  appear  on  the 
chart  if  they  were  charted  to  scale.  Another  unique  line  character,  the  dashed  line,  is  u^  to 
specify  missed  approach  procedures  on  the  plan  and  profile  views. 
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Figure  4-13.  Variations  in  line  character. 


Although  variations  in  line  character  offer  a  lot  of  flexibility  in  distinguishing  types  of  informa¬ 
tion,  the  designer  must  ensure  t!\at  each  line  variation  used  possesses  sufficient  contrast  to  be 
legible  and  is  readily  distinguishable  from  all  other  line  variations. 
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Variations  in  line  character  can  be  useful  for  differentiating  element  layers  using 
lines  used  to  construct  their  own  figures. 


The  variety  of  methods  available  for  manipulating  contrast  offer  the  opportunity  to  dearly 
specify  individual  chart  layers.  In  his  study  of  subject  preferences  for  certain  map  designs, 
&uiuiers  (1961-62)  conduded  that  "the  three  most  favourea  maps  all  aeated  the  impression  of 
different  visual  planes,  which  clearly  indicatec  ♦he  appeal  of  the  effect  and  its  significance  for 
cartographic  procedure"  (dted  by  Wood,  1968,  p.  59).  That  layering  is  a  useful  tool  appears  to  be 
beyoivl  dispute.  However,  for  purposes  of  visual  simplidty  and  ease  of  use,  the  niunber  of  layers 
that  are  us^  should  be  kept  to  an  absolute  minimum  A  large  number  of  layers  means  that  the 
number  of  variations  in  texture,  line  weight,  line  character,  and  other  aspects  will  quickly  grow 
large,  aixi  will  likely  tax  the  cognitive  abilities  of  the  user  in  attempting  to  keep  strdght  the 
various  meaning  of  each  element.  In  addition,  superimposing  multiple  layers  inaeases  the 
difficulty  of  ensuring  that  all  information  elements  are  clearly  legible.  For  foese  reasons,  the 
following  rule  should  be  resp 


Use  discretion  in  the  number  of  layers,  texture  patterns,  line  weights,  and  line 
characters  that  are  used.  Too  many  may  be  worse  than  too  few. 


4.4.3.2  iNTERPOsmoN 

A  familiar  cue  for  determining  which  of  two  objects  is  dosest  to  us  is  provided  when  one  object 
hides  part  of  another  object  (see  Figure  4-8).  It  is  possible  to  specify  that  one  information  element 
is  at  a  higher  level  than  another  by  simply  having  the  top  object  mask  part  of  die  lower  object. 
"The  contour  which  continues  past  the  point  of  Intersection  in  uie  expected  direction  will  be  seen 
as  belonging  to  the  covering  object"  (Ittelson,  dted  by  Dent,  1972,  pp.  84-85).  This  method  is 
commoiUy  used,  for  example,  when  labels  are  placed  over  lines  sudi  as  the  holding  pattern  and 
runway  approach. 


Figure  4-14.  Varying  multiple  layers  through  interposition. 


This  method  must  be  carefully  used  to  ensure  that  the  user  can  still  easily  identify  the  partially- 
covered  element.  The  visual  system  tends  to  predict  the  hidden  part  of  the  shape  on  the  basis  of 
parts  that  can  be  seen.  A  line  is  assumed  to  continue  as  a  line  "imdemeath"  a  label.  The  elements 
hidden  behind  the  visible  square  in  Figure  4-14  are  assumed  to  be  squares  because  squares  are 
familiar  shapes  and  the  visible  parts  of  the  elements  suggests  a  square.  If  an  unfamiliar  or  com¬ 
plex  shape  is  used,  care  should  be  taken  to  ensure  that  the  chart  user  is  not  seriously  misled  as  to 
the  shape  of  the  parts  hidden  by  a  higher-level  element. 


Interposition  provides  a  strong  cue  that  one  element  is  located  in  a  layer  that  is 
different  from  another  element.  Care  should  be  taken  in  using  this  tool  to  ensure 
that  the  partiaiiy  hidden  eiement  is  still  recognizable  and  the  shape  of  its  hidden 
parts  predictable. 


4.4.4  Different  Levels,  Different  Locations 

The  need  for  a  chart  designer  to  relate  information  elements  that  do  not  share  a  common  hierar¬ 
chical  level  or  location  may  not  be  immediately  obvious.  Its  value  arises,  however,  when  the 
concept  of  "not  related"  is  reconsidered.  A  hidden  assumption  in  all  of  the  chart  examples  used 
to  this  point  is  that  relatedness  is  based  on  a  conceptual  propertj'  other  than  simply  importance. 
Common  relations  used  in  these  examples  have  been  geographic  location  relatedness,  phase  of 
flight  relatedness,  and  so  on.  Relatedness  due  to  importance  has  not  been  considered. 

Many  cartographers,  however,  argue  for  the  need  to  take  into  account  relative  importance  of 
information  elements  in  designing  a  chart:  "Assign  visual  importance  and  distinction  commen¬ 
surate  with  the  intellectual  significance  of  the  ideas  being  presented.  Such  components  as  the 
legend  box,  title,  and  graphic  scale,  are  not  always  of  equal  iniportance  to  the  particular  map  or 
among  similar  types  of  maps"  (Robinson,  1952,  pp.  65-66).  In  the  case  of  LAP  diarts,  "intellectual 
significance"  translates  into  operational  or  safety-related  importance,  winch  emphasizes  the 
relevance  of  Robinson's  argument  for  the  need  to  introduce  a  pattern  into  the  chart  where  varia¬ 
tions  in  text,  symbols,  and  lines  occur  on  the  basis  of  their  relative  importance. 

In  effect,  the  principle  of  similarity,  or  more  correctly,  dissimilarity  m  size  is  used.  Larger  itans 
are  more  likely  to  be  seen  before  smaller  items.  Consequently,  relative  importance  can  be  con¬ 
veyed  through  relative  size.  Also,  using  infonnation  elements  that  all  share  the  same  size  in- 
aeases  tire  risk  of  introducing  "confusion  and  monoton/'  into  the  clrart  (Robinson,  1952,  p.  66). 

As  Robinson  points  out,  however,  there  are  serious  limits  as  to  the  extent  to  which  this  principle 
can  and  should  be  applied.  An  information  element  may  be  the  most  important  one  but  that 
does  not  mean  it  should  be  the  largest.  In  choosing  a  size,  tradeoffs  must  be  made  because  of 
space  considerations.  An  important  element  that  need  not  take  up  much  space  can  take  away 
from  other  elements  that  inherently  require  a  lot  of  space  to  be  legible.  Also,  relative  importance 
is  likely  to  vary  as  a  function  of  the  user's  immediate  need.  Although  electronic  media  offer  the 
potential  for  allowing  clranges  in  element  size  to  occur  in  response  to  user  input  or  phase  of 
flight,  this  capability  may  not  be  available  for  first-generation  electronic  charts  and  certainly  is 
not  possible  for  the  paper  medium. 
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Variations  in  reiative  size  can  be  made  to  ensure  that  important  eiements  are 
more  iikeiy  to  be  seen.  This  shouid  not  be  done  at  the  expense  of  decreasing 
the  iegibi'ity  of  less  important  items. 


4.5  SUMMARY 

The  discussion  of  tools  that  can  be  vised  to  visually  stnicture  the  overall  layout  of  the  chart  has 
been  presented  in  an  attempt  to  respond  to  the  n^  on  the  part  of  the  pilot  to  make  sense  out  of 
what  he/ she  sees.  Whenever  we  look  at  something,  we  unconsciously  try  to  determine  its 
structure:  What  are  the  major  parts  and  how  are  the  parts  related  to  each  other,  what  is  impor¬ 
tant  to  look  at,  and  what  meaning  does  it  have  for  us.  The  lAP  chart  user  will  find  some  ty^  of 
structure  in  the  chart.  Ideally,  this  structure  will  correspond  to  the  organizational  logic  intended 
by  the  chart  designer.  The  information  presented  in  this  chapter  is  intended  to  help  bridge  the 
potential  gap  in  understanding  between  chart  designer  and  chart  user. 

Awareness  of  how  the  application  of  a  design  tool  is  likely  to  be  seen  by  the  user  is  an  important 
first  step  towards  this  goal.  The  ideal,  of  couise,  is  to  be  able  to  specific^y  define  how  each  tool 
should  be  used:  What  textures  are  appropriate,  what  types  of  lines  are  b^t  used  to  represent  a 
given  information  element,  and  so  on.  We  cannot,  however,  begin  to  even  approach  tl^  ideal. 
Nonetheless,  thoughtful  design  can,  to  a  large  extent,  compensate  for  our  lack  of  specific  knowl¬ 
edge  about  how  chart  design  should  be  accomplished.  Tlie  ability  to  predict  how  each  tool  is 
likely  to  affect  the  user  can  help  the  designer  judge  whether  and  how  a  tool  should  be  used,  and 
what  uiuntended  side-effects  can  cause  problems. 

This  chapter  has  focused  on  the  chart  as  a  whole.  Little  has  been  said  about  tl\e  iiviividual 
information  elements  themselves  and  how  they  should  be  visually  embodied  to  support  the 
user's  ability  to  find  a  desired  element  This  topic  is  the  subject  of  the  next  chapter. 
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5.  SEARCH  AND  LEGIBILITY 


5.1  OVERVIEW  OF  CHAPTER  5 

Narrowing  the  seardK  domain  to  a  specific  part  of  the  chart,  through  the  guidasKie  provided  by  a 
coherent  visual  structure,  aids  Uie  s^uch  process  by  reducing  the  amount  of  map  space  that 
must  be  scanned.  Tools  for  supporting  this  orienting  process  were  described  in  the  previous 
chapter.  Once  the  eye  has  mov^  to  the  desired  section  of  the  chart,  search  effectiveness  is 
determined  by  a  combination  of  the  pilot's  familiarity  wi!h  lAP  diarts  and  the  visual  characteris¬ 
tics  of  the  information  elements  located  there.  CKapters  5  and  6  describe  some  of  the  design  tools 
that  can  be  used  to  manipubte  the  visual  characterisiks  of  information  elements  so  as  to  help  the 
chart  user  find  the  desir^  information. 

Qiapter  5  begirrs  by  briefly  reviewing  how  the  eye  is  controlled  during  the  search  process.  The 
mutual  roles  of  two  aspects  of  vision,  foveal  vision  and  peripheral  vision,  in  guiding  eye  move¬ 
ments  during  the  sear^  process  are  described.  The  remainder  of  this  chapter  addresses  how  lAP 
charts  can  be  designed  to  support  search  by  capitalizing  on  the  characteristics  of  foveal  vision. 
The  fundamental  means  for  improving  foveal  vision  is  by  making  the  target  information  more 
distinctive.  In  the  sense  being  ukd  here,  distinctiveness  is  l.  kind  of  legibility,  where  legibility 
means  that  each  infonnation  element  can  be  readily  distinguished  from  all  other  elements. 
Design  tools  for  improving  information  element  legibility  &11  into  two  categories: 

•  Font  Characteristic  Tools,  which  support  more  etflcient  search  and  recognition  of  alpha¬ 
numeric  information.  Examples  of  such  tools  are  type  size,  type  weight,  leadirrg,  and 
character  spacing. 

•  Symbol  Characteristic  Tools,  which  comprise  methods  for  improving  the  recognition  and 
(fiscriminability  of  symbols.  These  tools  include  global  symbol  slrape  and  symbol 
figure/ground. 

Information  search  is  also  aided  by  peripheral  vision.  Aiding  peripheral  vision  involves  using 
technique  that  serve  either  or  both  of  two  objectives:  (1 )  Reducing  the  nunrber  of  eye  fixations 
that  must  be  made  by  enabling  discrimination  between  target  and  non-target  infom^tion  using 
peripheral  vision;  f2)  Reducing  visual  interference  from  neighboring  infomration  elements  that 
might  otherwise  attract  the  eye  and  slow  the  search  process.  Design  tools  for  supporting  periph¬ 
eral  vision  are  described  in  Chapter  7. 
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5^  CONTROL  OF  EYE  MOVEMENTS  DURING  SEARCH 


The  human  eye  is  able  to  perceive  detailed  information  only  \vhen  the  fovea  is  directed  towards 
(fixated  on)  that  information.  Ibis  fact  suggests  that  the  eye  worlds  as  a  kind  of  spotlight,  fixating 
the  fovea  on  oire  spot  and  then  moving,  by  means  of  a  very  rap'd  eye  movement  called  a  sac- 
cade,  to  another  spot  when  sufiicient  processing  has  taken  place.  When  reading  a  line  of  text,  for 
example,  the  eye  fixates  several  times,  with  each  saccade  covering  approximatdy  five  characters 
at  a  time  (Morrison  &  Rayner,  1981),  tire  number  of  characters  depending  upon  the  cognitive 
complexity  of  the  informatioa  Section  3.2,  however,  pointed  out  tliat  when  scanning  a  visual 
display  sudh  as  a  map,  the  eye  tends  to  move  from  one  high  information  density  location  to 
anothCT  rather  than  following  a  fixed  scan  path.  The  obvious  question,  then,  is  how  can  the  eye 
^ow"  where  these  locations  are  if  it  does  not  fixate  on  each  pail  of  the  display? 

Research  on  eye  movements  has  shown  that  peripheral  vision,  which  is  sensitive  only  to  gross 
visual  detail,  provides  this  capability.  Castner  and  Eastman  (1985)  suggest  that  peripheral  vision 
is  sensitive  to  certain  types  of  information  and  can  recognize  these  information  types  witliout 
having  to  rely  on  foveal  vision.  If  peripheral  vision  alone  is  not  able  to  recognize  tire  information, 
the  eye  will  move  so  as  to  allow  foveal  vision  to  take  over  and  bring  to  bear  those  cognitive 
resources  required  to  recognize  the  information.  The  combination  of  foveal  and  peripheral  vision 
enables  the  eye  to  skip  over  less  informative  information,  enabling  more  efficient  search. 

These  results  led  Castner  and  Eastman  to  suggest  that  the  "attractiveness"  of  a  piece  of  informa¬ 
tion  to  the  eye  may  be  related  to  the  ability  of  peripheral  vision  to  identify  that  information. 
Information  becomes  attractive  when  peripheral  vision  isn't  sufficient  to  identify  it. 

This  conclusion,  however,  is  not  the  end  of  the  story.  Castner  and  Eastnran  go  on  to  suggest  that 
this  stimuhis-based  control  can  be  overridden  by  tire  cognitive  system  when  the  map  reader  is 
instructed  to  perform  a  specific  task.  Task-orierted  perfonnance  tends  to  result  in  the  eye  mov¬ 
ing  towards  ^ose  parts  of  the  map  containing  infomration  that  is  relevant  to  the  task,  even  if  this 
means  ignoring  information  possessing  high  visual  attractiveness.  Under  task-oriented  hrstruc- 
tions,  "prominent  lines,  unusual  or  novel  elements,  element  complexity,  Uie  presence  of  arKillary 
information,  or  the  size  and  position  of  individual  elements  exerted  less  influence  on  the  atten¬ 
tion  allocation  of  the  eyes"  (p.  1 1 1 ).  Dobson  (1977)  empliasizes  the  importance  of  the  task  as  a 
driver  for  how  the  eye  moves  tlurough.  a  iirap.  Random  nrap  reading,  witliout  specific  task 
instructions,  results  in  very  different  patterns  of  eye  movements  tlian  eye  movements  performed 
under  task-oriented  instructions. 

This  latter  finding  does  not  diminish  the  role  of  peripheral  vision  in  controlling  eye  movements, 
however.  Instead,  peripheral  vision  is  used,  to  the  extent  possible,  to  discriminate  tliose  areas 
with  high  relevance  to  Uie  task  from  tliose  of  less  relevance. 

Given  this  general  understandbig  of  how  eye  movements  are  controlled,  the  obvious  question  is 
how  it  can  be  apphed  to  lAP  diart  design.  The  i  jseardi  on  eye  movements  suggests  tliat  search 
effidency  is  improved  most  by  reducing  the  number  and  duration  of  fixations  required  to  locate 
target  information  (Bartz;,  1970a;  Phillips,  Noyes  &  Audley,  1978;  Steinke,  1980).  At  a  simplistic 
kvet  thismeam: 

«  Supporting  tire  fovea  in  detecting  detailed  information  (e.g.  individual  symbols, 
alphanumeric  characters,  words),  for  example,  by  means  of  good  visual  contrast; 
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•  Supporting  peripheral  vision  by  enabling  this  system  to  move  the  fovea  more  effi¬ 
ciently  to  th^  areas  on  the  ch^  most  likely  to  contain  the  target  informatioit 

Tools  that  may  be  useful  in  improving  foveal  vision  performance  will  now  be  described. 


5.3  FONT  CHARACTERISTIC  TOOLS 

A  large  proportion  of  the  information  on  an  lAP  chart  is  embodied  through  alphanumeric 
characters.  Consequently,  an  important  goal  of  the  design  process  should  be  to  develop  a  chart 
that  supports  efficient  search  for  this  type  of  iirformation.  Interest  in  improving  the  legibility  of 
printed  material  dates  back  almost  to  the  discovery  of  mechanical  type  (Spencer,  1969).  Not 
surprisingly,  there  is  a  substantial  body  of  research  and  accepted  practice  that  addresses  legibility 
issues.  Mu^  of  this  research  has  specifically  concerned  the  question  of  how  best  to  design 
printed  materials  comprised  primarily  of  rurming  text,  such  as  books  and  magazines. 

The  term,  "legibility,"  has  been  defined  in  a  number  of  ways,  and  its  specific  mearring  m  a  given 
context  is  often  determined  by  the  type  of  printed  material  under  consideration  (e.g.  legibility  of 
individual  letters  on  license  pbtes  versus  legibility  of  individual  words  in  rurming  rext)  and  the 
empirical  methods  used  for  assessing  it  (Bartz,  1970a).  This  relationsWp  between  defirritlon,  type 
of  material  to  whiclr  tire  concept  is  intended  to  apply,  and  the  nianner  in  whidr  it  is  measured  is 
obvious  in  Tinker's  (1963)  definition  of  legibility,  wfficlr  is  geirerally  clraracteristic  of  such  defini¬ 
tions: 


Legibility,  then,  is  concerned  with  perceiving  letters  and  words,  aiui  witlt  the 
reading  of  continuous  textual  material.  Tire  slrapes  of  letters  must  be  discriniinated, 
the  characteristic  word  fomrs  perceived,  and  continuous  text  read  acoirately, 
rapidly,  easily,  and  with  understandiirg.  In  the  fiiul  analysis,  one  wants  to  know 
what  typographical  factors  foster  ease  and  speed  of  reading.  Optimal  legibility  of 
print,  Uterefore,  is  achieved  by  a  typograplucal  arrangement  in  wWch  shape  of 
letters  and  other  symbols,  draracteristic  word  fonns,  and  all  oUier  typographical 
factors  such  as  tyi^  size,  fine  width,  leadUtg,  etc.,  are  coordhrated  to  pr^uce 
comfortable  vision  mdeasyand  rapid  reading  wiffi  compreheirsion.  hi  other 
words,  legibility  deals  with  the  coordination  of  those  typographical  factois 
ii\herent  in  letters  and  other  symbols,  words,  and  conitect^  textual  material 
which  affect  ease  and  speed  of  reading  (pp.  7-8;  italics  added). 

As  this  definiHon  clearly  shows,  the  phenomenon  referred  to  by  the  concept  of  legibility  is 
foamed  on  one  hand  by  the  type  of  printed  material  to  vvliich  it  is  applied  (running  text)  and  on 
the  other  hand  by  how  it  is  measured  (speed  of  reading). 

To  date,  very  little  research  has  directly  investigated  issues  of  legibility  in  ma(»,  and  even  fewer 
studies  have  used  L\P  cliarts  as  their  focus.  Consequently,  research  results  in  other  domains 
supply,  in  many  cases,  the  only  experimental  data  available.  Tliese  results  must  be  interpreted 
with  great  care  in  that  charts  are  visually  unique  foom  oU\er  fonns  of  printed  matter,  and  require 
the  user  to  interact  with  tliem  in  very  different  ways  that  cari  seriously  impact  tlie  relevance  of 
data  foom  non-map  domains  (Bartz,  1969, 1970a;  Taylor  k  Hopkin,  197S).  [See  Bartz;,  1970a,  for  a 
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thorough  look  at  constraints  that  limit  the  applicability  of  Jte  typographic  legibility  literature  to 
the  map  domain.] 

Many  of  the  studies  in  non-map  domains  used  experimei  tal  tasks  and  me~  iringtechiuques 
(see  Table  5-1)  that  possess  questionable  or  unknown  vali  Uty  to  the  map  search  task  (see  Tinker, 
1963,  for  additional  information  about  these  tasks).  Becavise  so  little  is  known  about  the  percep¬ 
tual  processes  underlying  lAP  chart  use,  evaluation  of  the  applicability  of  these  methods  can  be 
based  only  upon  face  validity.  Consequently,  the  risk  is  there  that  application  of  the  %  findings  to 
the  map  searth  situation  may  be  inappropriate.  Speet^  of  reading,  a  particularly  common  legibil¬ 
ity  measure,  does  not  possess  much  face  validity  in  map  reading  because  reading  a  map  involves 
finding  the  information  before  it  can  be  read,  a  process  that  is  clearly  less  important  in  reading 
running  text  Data  based  upon  eye  movement  measures,  also  accepted  as  an  espedaily  useful 
legibility  measure,  is  problematic,  not  because  of  the  measures  themselves,  but  because  the  eye 
movements  involved  in  scanning  a  line  of  text  are  clearly  different  from  those  used  in  search 
tasks.  That  there  are  frequently  conflicting  results  depei^ing  upon  the  experimental  method 
used  (Tinker,  1963)  is  an  important  reminder  that  each  measure  may  reflect  a  different  aspect  of 
legibility  that  may  or  may  not  be  important  for  a  specific  type  of  printed  matter,  such  as  lAP 
charts. 

With  respect  to  the  human  factors  literature,  once  agaiit  a  number  of  legibility  priiviples  have 
been  identified  but  these  principles  are  specific  to  the  unique  requirements  of  the  application  for 
which  they  were  develop^,  such  as  signage,  fomrs,  or  tables.  Once  again,  differences  in  the 
nature  of  the  verbal  material  used  (e.g,  individual,  isobted  words  or  pieces  of  text  wliich  are 
positioned  in  predictable  locations)  and  the  task  (reading  nuterial  at  a  disbnce  or  scaiming  a 
him  with  a  predicbble  stnicture)  constrain  the  applicability  of  Uiese  results  to  the  map  reading 
task.  Taylor  and  Hopkin  (1975)  suggest  tliat  the  inlierent  complexity  of  maps  (spedfiraliy,  large- 
scale  topographical  maps)  utay  mean  that  staiuiard  human  factors  principjes  are  not  valid  for 
them. 

Keeping  these  oonoems  in  mind,  tools  that  may  p.  ove  useful  for  improving  alphanumeric 
legibility  are  now  presented.  These  tools  are  likely  to  contribute  to  more  efficient  search  perfor¬ 
mance  by  increasing  the  dtelincUveness  of  the  words  conveyed.  TlUs  distinctiveness  has  value  in 
two  ways;  First,  it  can  support  peripheral  vision  by  allowing  the  alplranumeric  infom^ation  to 
stand  out  from  potentially  cluttered  backgroiuuls;  second,  it  may  r^uce  the  fixation  time  re¬ 
quired  for  fovea!  vision  to  recognize  what  the  alpliarrumeric  information  is. 

S.3.1  ivpeface 

.An  obvious  ch?»acieristic  of  type  Urat  ntighl  iirfluence  detection  of  alphanumeric  Information  is 
the  typeface  used.  The  issue  of  whether  typeface  style  influences  performance  has  been  argued 
for  many  years  and  a  substantial  proportion  of  typographic  legibility  studies,  using  the  pape  r 
medium,  have  Investigated  this  issue.  The  results  of  tiiese  studies  vary,  depending  upon  ^ 
perfbnnance  measure  and  printed  mertterused. 

Tinker  has  performed  a  number  of  studies  investigating  typeface  differences  using  the  speed-of- 
reading  method  (e.g.  Paterson  &  Tinker,  1932)  and  eye  movement  measures  (eg.  Tinker  & 
Paterson,  1941X  In  general,  his  studies  show  that  comparisons  between  typefat^  fail  tc  produce 
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Method 

Description 

Map  Reading  Validity 

Speed-of-Reading 

Within  a  given  time  limit, 
determine  the  am^'unt  of 
text  read  or  measure  the 
time  required  to  read  a 
fixed  amount  of  text 

Limitc-ff  validity  because 
lAP  charts  do  not  contain 
substantial  amounts  of  mnning 
text 

Visibility 

Measure  the  threshold 
visibility  of  printed 
material 

Results  are  usually  comparable 
io  acuity  data  (Tinker,  1963). 
Unclear  as  to  how  well  this  data 
applies  to  reading  charts 

Distance 

Measure  the  distance 
from  the  eyes  at  which 
printed  symbols  can  be 
accurately  recognized 

Similar  to  the  visibility  method 
(Tinker,  1963).  Potentially  useful 
for  lAP  chart  applications 

Short-Exposure 

Measure  quickness  and 
accuracy  of  perceiving 
alphanumeric  characters 
presented  very  briefly 
(l/tO  second) 

Questionable  validity  since  this 
method  allows  only  one  fixation, 
a  constraint  that  is  not  reason¬ 
able  under  real-world  conditions 

Focal  Variator 

Measure  the  amount  of 
blur  that  still  allows  correct 
recognition 

Unknown 

Eye  Movements 

Measure  the  sequence  and 
duration  of  eye  fixations 
aid  saccados 

Method  is  sound  but  results  are 
heavily  Influenced  by  the  type 
of  rea^ng  matter  used 

r^eripherai  Vision 

Measure  greatest  distance 
from  fixation  point  at  which 
information  can  still  be 
accurately  recognized 

May  be  useful  in  ^sesslng 
legibility  of  low  Information 
density  parts  of  the  chart  In 
support  of  efficient  search 

Search 

Measure  time  required  to 
find  names  on  a  niap 

Possesses  obvious  relevance 
to  the  lAP  chart  task 

Table  5*1 .  Common  methods  for  assessing  legibility. 
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statistically  significant  perfonnancp  effects,  except  whov  \ai£amiliar  typefeces  (such  Qoister 

Black,  an  Old  English  typef^ie)  are  used 

Differences  between  typefaces  have  been  found  using  measures  tlrat  seem  to  reflect  the  percepti¬ 
bility  of  individual  letters.  For  example,  Webster  and  Tinker  (1935)  showed  that  typefaces  such  as 
American  Typewriter,  Cheltenham,  and  Antique  were  superior  to  others,  including  Kabd  Lite 
aiuJ  Bodoni,  when  the  distance  method  was  u^.  Tinker  (1944)  compared  the  results  obtained 
several  measures  and  concluded  that  visibility  and  perceptibility  measures  failed  to  show 
much  agreement  with  speed-of-reading  scores.  Consequently,  the  impact  of  typeface  depends 
upon  ho  w  legibility  is  assessed 


Of  parficular  interest  in  these  studies  are  comparisons  between  serif  and  sans  serif  typefaces. 
Arguments  for  and  against  serifs  have  been  groimded  on  a  number  of  issues  (Robinson,  Abba- 
monte  &  Evans,  1971).  The  advantage  of  serif  typefaces,  it  is  argued,  is  that  the  serifs  support  the 
horizontal  movement  of  Uie  eyes  along  a  line  of  text.  In  addition,  serifs  are  believed  to  contribute 
to  a  more  dtsUncfive  shape,  thus  presumably  supporting  easier  recognition  of  the  character  or 
word 

TWs  argument  hss  been  countered  by  the  view  tlujt  serif  typeface  typically  possess  variations  in 
line  weight.  The  serif  tj^face,  Bodoni,  shown  in  Bgure  5-1,  is  a  drajrujtic  example  of  how  severe 
the  variations  in  stroke  width  can  be.  Horizontal  strokes  are  Irairline  ttvin  while  vertical  strokes 
have  a  much  heavier  weight.  h\  contrast,  the  srnrs  serif  typerace,  Helvetica,  uses  a  more  consistent 
stroke  width.  The  variations  in  stroke  width  found  in  most  serif  typefaces  raise  the  possibility 
that  those  parts  of  the  character  witha  light  line  weight  might  "disappear"  undor  low  lighting 
conditiore  or  on  poorly  printed  pages.  Sans  serif  typefaces,  in  contrast,  are  more  likely  to  use  a 
common  line  weight  for  aU  pmts  of  the  diameter,  although  there  are  notable  exceptions  (eg. 
Optima).  In  rpile  of  die  arguments  both  for  and  against  the  use  of  serifs,  most  studies  have  foikd 
to  show  that  sans  serif  typefaces  are  read  more  slowly  than  serif  typefaces.  Studies  that  have 
found  differences  have  ti/pically  used  a  visibility  performance  measure  wliich  lias  quesUonable 
application  to  ll w  lAP  diait  situation,  !n  addition,  most  of  these  studies  were  perfomied  some  40 
yearn  ago  when  sans  serif  typefaces  were  not  commonly  used.  Consequently,  lack  of  familiarity 
with  sans  serif  typefoces  ex^n  any  performance  differences  (West,  1990). 


Heivetina 


Bodoxii 


Figure  5-1 .  Variations  In  stroke  vv'dth. 
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Based  itpon  these  results,  a  ntimber  of  legibility  experts  (e.g.  Tinker,  1963;  Pyke,  1926;  Paterson  & 
Tinker,  1940;  Spencer,  1969)  have  concluded  that  "typefeces  in  conunon  use  are  equally  legible 
tinder  conditions  of  ordinary  leading"  (Paterson  &  Tinker,  19^).  Ua^ortunately,  it  is  (^cult  to 
say  which  line  of  experimental  results  should  be  followed,  the  visibility /perceptibility  or  the 
speed-of-readiitg  data  Fortunately,  there  is  some  research  on  typefaces  that  used  seaixii  for  map 
names  as  the  task.  A  study  by  Phillips,  Noyes,  and  Audley  (197^  found  no  significant  difference 
in  search  tunes  for  names  set  in  Times  (a  serif  typeface)  versus  names  set  in  Univers  (a  sar  serif 
^^peface). 

Studies  addressing  the  issue  of  typeface,  using  the  electronic  medium,  have  focused  on  develop¬ 
ing  a  typeface  specifically  for  electronic  displays  that  supports  maximum  legibility.  These  type¬ 
faces  were  developed  as  a  means  of  compensating  for  the  low  resolution  of  electronic  systems 
available  at  the  fime  the  studies  were  performed.  Electronic  displays  likely  to  be  used  for  present¬ 
ing  lAP  charts  can  be  expected  to  possess  sufficient  resolution  to  support  a  range  of  typefaces 
beyond  the  very  simple  ones  originally  intended  for  low-resolution  systems.  Consequently,  it 
wooid  appear  that  the  safest  course  for  botlr  paper  and  electronic  media  is  as  follows. 


Use  a  familiar  typeface  that  is  dean  and  simple,  avoiding  unnecessary 
fiouiishes.  Use  of  sans  serif  typefaces  may  be  more  appropriate  than  serif 
typefaces  due  to  potentialiy  poor  iighting  conditions  in  the  cockpit  and  to  avoid 
problems  in  printing  or  displaying  typefaces  with  hairline  stroke  widths. 


Although  there  is  little  evidence  to  suggest  that  typeface  his  a  sigtrificant  impact  on  perfomrance, 
it  is  quite  possible  U«t  U\e  studies  perfonned  simply  were  iirsensilive  to  hrdividual  factors  of 
typeface  design  that,  together,  nright  contribute  to  more  legible  lAP  cliarts.  These  factors,  wliich 
are  addressed  under  the  topics  of  "Type  I^oportfairs"  ai\d  "Individual  Grarader  Confusions," 
have  not  berat  directly  matiipulated  in  tlie  studies  reviewed  Irere.  Consequently,  although  their 
value  renroins  unprovcit,  it  is  probably  useful  to  consider  potential  impact  when  choosing  a 

typeface  for  use  on  lA?  charts. 

5.3.2  f^mSize 

Approach  charts  have  been  criticized  for  a  variety  of  reasoirs  (Cox  k  Connor,  1987)  but  a  com¬ 
mon  concern  is  the  inability  of  pilots  to  easily  read  the  infomraiion  presented.  A  study  by  Welsh, 
Vi.-ughan,  and  Rasnrussen  (1976)  ajggests  lliat  tins  concern  is,  hr  fact,  real.  Urey  looked  at  the 
accuracy  wiUr  which  presbyopic  subjects  were  able  to  read  numerals  of  tire  same  sizes  (rairgiirg 
from  1.2  nrm  to  23  mnr)  and  typeface  used  on  actual  lAP  charts.  Font  s.'2es  used  on  NOS  charts 
are  shown  in  Figure  5-2  The  subjects'  task  was  to  read  numerals,  cut  from  actual  NOS  aird 
Jeppesen  approach  cirarts,  that  were  presented  by  means  of  a  rctatiirg  drum.  Two  lighting 
conditions  were  used,  low  lunriirancc  (1.0  ft.  U  and  high  luminana'  (iOO  fi.  L).  Three  levels  of 
acuity  were  tested,  using  corrective  leirses  to  conrpoirsate  for  the  exisUirg  presbyopic  coirditioa 
Cotrective  lenses  were  used  to  allow  perforarairce  nreasures  under 20/20, 20/40,  and  20/60 
visual  conditions. 

Although  a  number  of  important  results  were  obtained,  of  greatest  urlerest  is  tire  findhrg  that 
subjects  with  20/40  and  20/60  correction  trad  great  difficulty  rendhrg  lire  nunrerals,  especially  a> 
the  Mze  of  tire  frnrt  decreased  aird  under  the  low  lumiirance  coirditioa  Tire  auti  n>is  coirduded 
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Text  in  the  plan 
view  is  presented 
priniarily  in 
7  and  8  point, 
with  the  exception 
of  the  inbound 
heading,  which 
uses  9  point. 


Arndt  2  91178 

ILS  RWY  25L 


_ 4" 

.  SANTA  MONICA 

2126  110.1  SMOjsb— 
CIW145  r 


/  5000 
'088*  (16.1) 


Margin  Identification  uses  a  combination 
of  7  and  8  point,  except  for  the  name  of 
the  approach,  which  uses  14  point. 
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Text  in  the  profile 
view  is  presented 
primarily  in 
7  and  8  point, 
with  the  exception 
of  the  inbound 
heading,  which 
uses  9  point. 

Text  in  (he 
landing 
mintmums  is 
presented  using 
a  combination  of 
5. 7,  and  6  point 
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Text  in  the  atipoit  sketch  is  presented 
primarily  in  S  and  7  poirti,  with  the 
exception  of  the  airlift  elevation,  which 
uses  8  point. 


Figure  5-2,  Font  sizes  used  on  NOS  charts. 


that  "ntunerak  on  NOS  and  Jeppesen  approach  charts  are  inadequate  for  effective  utilization  by 
individuals  with  20/60  near  visual  acuity.  Individuals  with  20/40  near  visual  acuity  would  also 
experience  reading  difficulty,  especially  under  dim  luminance  conditions"  (p.  1031).  With  less 
th^  20/20  correction,  luminance  level  and  symbol  size  clearly  impacted  performance,  to  the 
point  where  imder  dim  luminance  and  20/60  correction,  numerals  were  not  readable.  If  this 
study  were  replicated  imder  actual  flight  conditions  involving  vibration  and  extreme  lighting 
conditions  (producing  washout  or  glare) ,  it  is  quite  possible  that  performance  decrements  would 
appear  under  the  20/20  conditions  as  well 

This  study  suggests  that  the  issue  of  font  size  needs  to  be  addressed.  Unfortunately,  it  does  not 
conclusively  demonstrate  the  range  of  type  sizes  that  should  be  used  on  lAP  charis.  Two  limita¬ 
tions  with  this  study  restrict  the  types  of  conclusions  that  can  be  drawn.  Rrst,  the  task  involved 
simply  reading  the  numbers.  Search  was  not  required.  In  additioa  this  study  did  not  assess  the 
influence  of  vibration  and  other  cockpit  conditions  on  performance,  although  luminance  level 
was  a  variable. 

The  obvious  solution  to  improving  the  pilot's  ability  to  find  and  read  alphanumeric  information 
is  to  simply  increase  the  size  of  the  type.  However,  this  solution  may  be  inappropriate  for  two 
reasons.  First,  serious  space  limitations  on  the  chart  mean  tliat  larger  type  sizes  would  have  to  be 
accommodated  by  reducing  tlie  amount  of  information  tliat  can  be  presented.  For  paper  charts 
this  could  mean  adding  more  pages  and  increasing  the  overall  bulk  of  the  cliarts  that  would  have 
to  be  carried  in  tl\e  aircraft  and  the  number  of  pages  the  pilot  would  have  to  access  for  a  given 
approach. 

Also,  the  eye  is  constrained  by  the  size  of  type  tliat  can  be  efficiently  read.  Large  type  can  reduce 
the  ability  of  tlie  eye  to  quickly  recognize  individual  words.  For  example,  Rehe  (1974)  argues  Uu»t 
brger  type  sizes  (defined  as  1 4  point  or  above)  allow  fewer  words  to  appear  in  the  horizontal 
dimension,  which  inhibits  effective  use  of  peripheral  vision  In  reading.  Peripheral  vision  serves 
the  role  of  preparing  the  cognitive  system  for  the  next  set  of  words  to  be  fixiiled,  and  this  Is 
tliought  to  support  efficient  reading.  Also,  more  fbeUions  arc  requirexi  because,  as  type  size 
increases,  the  number  of  words  tiint  fall  into  foveal  view  at  any  one  time  deaeases,  and,  under 
some  conditions,  individual  words  may  be  read  in  sections  thus  dlsmptlng  the  word  recognition 
process  (Tinker,  1946).  Tinker  and  Rehe,  however,  are  concerned  with  legibility  of  ruiming  text  It 
is  not  clear  if  there  are  similar  negative  effects  of  large  piint  size  when  Uie  task  involves  sealing 
fornomi^onantap. 

The  legibility  literature  includes  a  number  of  studies  on  font  size.  Application  of  the  results  of 
these  studies  is  complicated  by  several  factors,  some  of  wliich  liave  been  mentioned  before.  An 
important  complication  of  some  studies  is  the  failure  to  adequately  define  the  actual  size  of  the 
type  being  evaluated.  Typefaces  are  usually  defined  In  terms  of  a  given  point  size,  such  as  eight, 
ten,  or  1 2  points,  where  a  point  is  approximately  1  /72  inch.  However,  point  size  is  a  remnant  of 
the  way  type  was  measured  when  it  was  constructed  as  metal  blocks  (see  Figure  5-3).  Tlie  poiiit 
size  reflects  the  size  of  Uie  metal  block,  not  theclurracier  preseiricd  on  tliat  block.  Since  the 
typeface  diaracter  may  not  span  tlie  entire  length  of  this  metal  block,  the  actual  size  of  the 
diararter  itself  can  be  snvillor  tlian  its  assigned  point  size.  A  typeface  tliat  fills  the  length  of  the 
block  will  have  an  actual  size  Uiat  is  larger  tlian  a  typeface  tliat  docs  not  fill  the  length  of  the 
block,  even  though  both  are  defined  as  Iviving  the  same  point  size  (Rehe,  1974).  Although  type¬ 
faces  used  today  ore  no  longer  engraved  on  metal  blocks,  Uteir  dimensions  liave  been  preserved 


in  electronic  foim.  Figure  54  demonstrates  that  typefaces  with  the  same  point  size  can  radically 
differ  in  actual  size. 


Figure  5-3.  Measuring  point  size. 


Tills  is  12-point  Bodoni.  Even  thougli  it  has  tlie  same  point  size  as  die 
Trump  example  below,  it  is  actually  smaller.  Point  size,  alone,  is  not  a 
good  measure  of  type  size. 

This  is  12-point  Tmmp  Mediaeval.  Even  thougli  it  has  the  same 
point  size  as  the  Bodoni  example  above,  it  is  actually  larger. 
Point  size,  alone,  is  not  a  good  measure  of  type  size. 


Figure  5-4.  Variations  in  actu^  size  tor  typefaces  having  the  same  point  size. 


Rehe  also  emphasizes  the  importance  of  evaluating  type  size  as  a  hinction  of  each  typeface's  x- 
height.  The  x-height  of  a  typeface  is  die  height  of  llie  body  of  a  lower<ase  letter  (see  Figure  5-5). 
It  is  usually  measured  on  the  basis  of  the  height  of  a  lower-case  x.  Typefaces  vary  in  the  rebtive 
size  of  the  body  of  the  letter  os  compared  to  die  ascenders.  Figure  5-6  presents  two  common  sans 
serif  typefaces  diat  differ  in  their  x-licight.  In  the  Futura  typeface,  die  lower-case  letter  bodies  are 
approximately  half  die  height  of  die  uppercase  letters,  in  contrast  to  the  Helvetica  typeface, 


compared  to  die  body  of  the  letter  will  be  visually  smaller  tluin  typefaces  with  letters  that  have 
lebtively  small  ascenders  and  large  bodies.  To  demonstrate  tiiat  these  differences  an?  not  always 
trivia),  Poulton  (19SS)  controlled  for  differences  in  x-height  by  optically  reducing  or  enlarging 
different  typefaces  in  older  to  produce  die  same  x-height  (1 .6  inillimeteis).  To  accompUsli  diis, 
Univers  was  reduced  to  9.5  point  size  while  Bembo  was  enlary cd  to  12  point.  This  means  that 
when  the  x-hdghts  are  matdied,  the  typefaces  actually  differed  from  each  by  2.5  points.  As  Rehe 
(1^4)  poljits  out,  "some  8  point  typefaces  may  appear  as  brge  as  a  10  point  size  of  a  dltferent 
type  design,  while  some  10  ^;oint  type  sizes  may  consist  of  a  relatively  small  type  design,  giving 


it  the  appearance  of  a  smaller  size"  (p.  27).  Together,  these  factors  complicate  the  comparison  of 
user  p^ormance  with  different  type  sizes  unless  they  are  explicitly  pointed  out  in  the  study. 


Descender 


X-Height 
or  Body 


Figure  5-5.  Some  typographic  terms. 


This  is  1 2-point  Futura.  Even  though  it  has  the  same  point  size  as  the 
Helvetica  example  below,  it  oppeors  smaller,  in  part,  because  of  its 
lower  x-height. 

This  is  12*point  Helvetica.  Even  though  it  has  the  same  point  size 
as  the  Futura  example  above,  it  appears  larger,  in  part,  because  of 
its  larger  x-height. 


Figure  5-6.  Perceived  size  due  to  x-height 


SecomitiefndaUons  for  type  sizes  for  general  reading  matter  presented  on  paper  usually  include  a 
range  of  from  9  to  12  points  (e.g.  Relre,  1974;  Tinker,  1963;  Spencer,  1969).  Rehe  quaUte  his 
recomnrendaUon  by  taking  into  accoutrt  x-height.  Fora  typeface  with  a  small  x-height,  11  or  12 
point  sizes  should  be  used;  for  large  x-height  typefaces,  a  9  or  10  point  size  is  probably  the  best 
choke.  These  reconuncitdatlons  are  interesting  but  their  value  to  lAl’  chart  use  is  unclear. 

Recommendations  have  also  been  provided  for  type  siz^  to  be  used  for  textu;^  nviterial  pre¬ 
sented  on  electroiric  displays  (e.g.  Deutsche  InsUlut  fur  Nonnungen,  1982;  American  National 
Iirstitute  for  Standards,  1988;  Snyder  St  Maddox,  1978;  Shurtleff,  19S0).  Reconuiwnded  nrinhnvun 
character  heights  range  from  12  to  16  minutes  of  arc  for  visual  attgie,  while  preferred  ^zes  (or 
sizes  forcriti^  infomration)  vary  from  18  to  22  minutes.  recommendations  are  hUeitded 

for  the  office  environmetU  and  tlieir  applkability  to  LAP  diarts  b  quesUoitable. 

Several  studies  have  been  conducted  to  assess  tire  effect  of  type  size  on  search  in  a  «\ap  applica¬ 
tion.  Phillips,  Noyes,  and  Audley  (1977)  looked  at  how  a  number  of  type  characteristic  includ¬ 
ing  type  size,  affected  seardung  for  names  on  maps,  lltey  fou»\d  tiwt  search  was  more  efficient 
with  8  point  type  than  6  point,  and  cotududied  Uuit,  "if  type  is  important,  large  point  sizes  are 
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justified,  even  though  lhe>  may  slightly  reduce  the  legibility  of  other  features  on  the  map"  (p. 
680).  They  also  found  that  type  size  requirements  were  influenced  by  the  complexity  of  the  map: 
Performance  for  6  point  type  on  easy  maps  was  generally  comparable  to  performance  with  8 
point  type  on  difficult  maps. 

The  Phillips  et  al.  results  are  interesting  but  must  be  applied  to  the  lAP  chart  situation  with 
caution.  Hrst,  the  type  of  map  used  was  not  an  lAP  chart  In  addition,  the  study  employed  an 
experimental  environment  that  is  not  comparable  to  the  widely  varying  luminance  and  vibration 
conditions  of  the  coclqrit  Fhully,  these  results  do  not  suggest  an  upper  limit  on  type  size. 

Taylor  (1975,  dted  by  Taylor  &  Hopkin,  1975)  investigated  the  legibilit)’  requirements  of  low 
altitude,  high  speed  flight  using  charts  presented  on  displays  from  film  strips.  He  recommended 
that  at  a  viewing  distance  of  19  inches,  8  point  type  (0.07  inch  upper-case  height)  was  the  mini- 
miun  character  size  for  non-critical,  familiar  informatioa  Critical  information  should  be  dis¬ 
played  using  at  least  12  point  type  (.1 1  inch).  For  a  display  distance  of  19  inches,  .1 1  inch  charac¬ 
ters  translate  into  a  size  of  approximately  20  minutes,  which  is  consistent  with  the  recommended 
character  sizes  described  earlier. 

Multer,  Warner,  Disario,  and  Huntley  (1991)measured  search  performance  for  the  inbound 
heading  on  NOS-based,  fictitious  lAP  charts  as  a  function  of  type  size  (9  point  or  12  point). 
Search  was  significantly  faster  with  the  12  point  type.  It  is  important  to  note  that  their  study 
compwed  search  times  for  headings  in  eitl\er  9  or  12  point  type  on  charts  where  all  other  type 
was  9  point  or  smaller.  Consequently,  search  may  have  been  aided  by  type  size  coding.  [The 
utility  of  type  size  coding  is  addressed  in  Section  7.3,  'Tnfomvjtion  Coding  Tools."] 

The  studies  using  search  for  infomration  presented  on  maps  clearly  sltow  that  performaiKe 
d^^ds  upon  Oie  font  size  used.  Although  the  reading  studies  conclude  that  a  range  of  sizes  can 
be  used  for  reading  running  text,  tlie  Multer  et  al.  study  suggests  llwt  important  infomxation 
should  be  present^  using  a  font  ^e  at  the  high  end  of  the  range.  That  these  sizes  may  be  on  Ure 
conservative  side,  especially  with  respect  to  electroific  displays,  is  suggested  by  the  type  sizes  to 
be  used  on  11-777  displays.  Uoeing  is  designing  their  displays  using  three  type  sizes:  110, 167,and 
224  mils  (Weideniatm,  1992).  These  type  sizes,  when  convertcxi  to  minutes  of  viaial  angle, 
translate  into  20.4, 30.69,  and  4134  miimtes  at  a  viewutg  distance  of  29  iiwhes,  when  the  follow¬ 
ing  equation  is  used 


cltaracter  height 
vuiual  angles  3438  X  viewing  distance 


Tlie  smallest  type  is  used  for  familiar,  unclianging  infomiation  but  tlrere  have  been  com¬ 

plaints  from  pih^  evaluating  the  dispbys  tlrat  Utis  size  is  too  snuilL  This  means  that  the  20 
nfinuies  visual  angle  pnoposed  by  Taylor  (1975,  died  by  Taylor  &  Hopkin,  1975)  is  comparable  to 
the  smallest  size  used  by  Boeing.  It  should  be  nouxl  tlut  these  character  sizes  are  intended  to 
support  ail  of  the  displays  to  be  used  on  the  B-777.  Coitsequenlly,  Uie  largest  size  nray  exceed 
what  is  required  for  lAF  draii  displays.  Unfortututely,  it  is  still  not  clear  what  text  sizes  are 
suf/ident  for  the  charting  sUuatioiL 

These  findings  tire  following  condusiotu 
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Increasing  the  size  of  type  improves  search  performance  for  critical  information 
at  least  up  to  the  level  of  12  point  type  or  approximately  20  minutes  of  visual 
angle.  It  is  not  yet  known  whether  increasing  type  size  beyond  this  level  will 
improve  performance  but  there  is  some  evidence  to  suggest  that  this  is  the 
smallest  size  that  should  be  used  for  changing  but  non-critical  information. 
Critical  information  should  probably  be  presented  using  a  larger  type  size,  such 
as  14  point  on  paper  or  30  minutes  for  electronic  displays. 


Although  inaeasing  the  size  of  the  type  seems  the  most  obvious  approach  to  addressing  the 
problem  of  pilots  not  being  able  to  read  an  lAP  chart,  it  is,  in  fact,  only  one  tool  that  is  available  to 
the  chart  designer.  Issues  of  typeface  space  efficiency,  typeface  weight,  x-height,  and  other  issues 
are  equally  important.  These  issues  are  addressed  below. 

5.3  J  Typeface  Space  Economy 

Typefaces  differ  in  how  much  horizontal  space  they  require.  Figure  5-7  presents  the  upper-  and 
lowercase  alphabets  for  two  sans  serif  typeface  ,  Helvetica  and  Futura.  Futura  clearly  requires 
less  space  to  convey  the  same  number  of  characters.  Because  of  the  tight  space  constraurts  of  lAP 
charts,  one  criterion  for  choosing  a  typeface  is  space  economy.  Greater  space  economy  can  be 
achieved  by  using  a  smaller  type  size  but  West  (1990)  argues  that,  in  order  to  achieve  greater 
legibility,  "When  space  is  at  a  premium  it  is  better  to  choose  a  space-efficient  typeface  than  to 
choose  a  smaller  point  size  of  a  typeface  tliat  fits  fewer  cl\aracter$  on  a  line." 


ABCDEFGHIJKLMNOPQRSTUVWXYZ  (Helvetica) 
ABCDEFGHUKLMNOPQRSTUVWXYZ  (Futura) 
abcdefghijkimnopqrstuvwxyz  (Helvetica) 
abcdefghijkimnopqrstuvwxyz  (Futura) 

Figure  5-7.  Differences  in  typeface  space  economy. 


When  choosing  between  typefaces,  select  the  typeface  that  allows  more 
characters  per  line. 


In  following  t!\is  principle,  it  is  important  to  comidcr  potential  conflicts  with  other  typeface 
attributes,  such  as  x-height  (see  Section  63.4.4).  Typically,  typefaces  which  are  space  efficient  also 
possess  relatively  low  x-heights.  In  this  case,  the  requirement  for  high  x-heighl  sliould  take 
precodetKe  over  space  efficiency  because  of  Ure  cntical  requirement  for  legibility. 


5^.4  lype  Proportions 


Although  studies  have  failed  to  demonstrate  the  superiority  of  one  typeface  over  another,  there 
are  several  aspects  of  typeface  design  that  should  be  considered  when  selecting  a  typeface.  Type 
proportions  are  a  potentially  important  consideration,  which  are  determined  by  four  main 
factors  (Carter,  Day,  &  Meggs,  1985): 

•  Character  stroke-to-height  ratio 

•  Variation  in  stroke  width 

•  Stroke  width 

•  Kado  of  x-height  to  overall  letter  height 
5  J  A1  Character  SrooKE-TO-HEiGKr  Ratio. 

The  character  stroke-to-height  ratio  refers  to  the  ratio  of  the  stroke  widtlt  to  capital  letter  height. 
This  ratio  affects  the  relative  darkness  of  a  typeface:  A  higher  ratio  means  that  the  typeface  will 
be  darker  in  comparison  to  a  typeface  witii  a  lower  ratio.  Most  common  typefaces  us^  for 
printed  materials  have  a  ratio  of  approximately  1:10  (West,  1990).  Since  tliis  ratio  is  the  one  with 
which  we  are  most  familiar,  it  is  probably  best  to  stay  with  tlds  standard,  especially  in  light  of  the 
Jack  of  research  on  this  issue. 


The  standard  stroke-to-height  ratio  lor  typefaces  used  with  paper  is  1 :10. 


Taylor  (1975,  dted  by  Taylor  &  Hopkin,  1975)  looked  at  the  legibility  requirements  for  low 
altitude,  high  speed  flight  charts  that  were  presented  on  displays  by  means  of  filnr  strips.  For  a 
viewing  distance  of  19  inches,  he  reconunendod  a  1:6  ratio  for  8  poU\t  type  (0.07  inch  upper-case 
height  and  a  stroke  widlii  of  .012  inch)  and  a  5.5:1  ratio  for  12  point  type  (.11  iiKh  upper-case 
height  and  stroke  width  of  .02  iirch).  Tlrese  reconunendatioirs  an?  compari?ble  to  the  1:6  to  1:8 
range  suggested  for  electronic  displays  to  be  used  in  the  office  endronmont  (e.g.  Anuirican 
Nahonal  Institute  for  Staiulards,  1988;  Snyder  &  Maddox,  1978;Shurtleff,  1980). 


For  electronic  media,  stroke  widths  ot  behveen  1 :6  and  1 :8  are  recommended. 


S.3.4J2  Variation  m  Stroke  Wioth. 

In  the  discussion  on  serif  versus  sans  serif  typefaces  (Salion  53.1 ),  reference  was  nude  to  the 
issue  of  variation  in  stroke  widtli,  tlut  is,  tlie  variation  between  tire  Utlckest  and  Uiitmest  stroki^ 
of  the  letterform  (see  Figure  5-1).  Many  serif  typefaces  use  hairline  strokes  as  the  Urinncsi  stroke 
on  the  typeface.  Ihere  is  no  evidence  to  suggest  Uut  large  varialiosrs  between  thick  and  thin 
strokes  contributes  to  legibility.  However,  hairline  stroke  widllrs  can  be  difficult  to  see  under  low 
lighting  condii  .ons  aitd  when  poor  printing  teclmiques  an?  used.  Iw  UUs  reason,  it  is  best  to  use  a 
typefaia?  which  has  stroke  widtlis  of  a  smrikr  widu  i. 


Avoid  using  a  typeface  that  has  large  variations  in  stroke  width. 


5.3.4.3  Stroke  Width  OR  Typeface  WaoHT. 

Typefece  weight  refers  to  the  relative  darkness  of  a  typefece,  and  can  range  firom  light  type  to 
black  (see  Figure  5-8).  Type  weight  can  be  used  as  a  tool  in  two  ways.  First,  an  appropriate 
weight  can  help  to  support  sufficient  contrast  between  print  and  background.  In  addition, 
variations  in  t)^face  weight  can  be  used  as  a  means  of  highlighting  information.  Only  the  first 
use  is  address^  here  See  Section  Z2  for  guidance  on  the  use  of  typ^ce  weight  for  iitfbimation 
coding. 


Helvetica  Condensed  offers  four  type  v^igfils.  This  is  Helvetica  Condensed  Light,  it  has  a  slightly  finer  stroke  than  the  other 
three  versions  of  Helvetica  Condensed. 

Helvetica  Condensed  offers  four  type  weights.  This  is  Helvetica  Condensed  Regular.  It  has  a  slighdy  heavier 
stroke  than  Helvetica  Condensed  Light 

Helvetica  Condensed  offers  four  type  weights.  This  ts  Helvetica  Condensed  Bold.  This  weight  Is  typically 
used  to  highlight  Geitaln  wonts  or  titles. 

Helvetica  Condensed  offers  four  type  weights.  This  is  Helvetica  Condensed  Black.  This  Helvetica 
Condensed  has  a  massive  stroke  and  is  used  lor  titles,  headers,  and  other  attentlQn<attnictlng 
InfoimatloQ. 


Figure  5-8.  Four  different  weights  for  the  same  typeface,  Heivedca  Condensed. 


Several  studies  have  addressed  Uw  issue  of  what  typeface  weight  is  desirable.  Although  readers 
prefer  a  typeface  that  is  almost  bold  In  weight  (Paterson  $t  Tinker,  1^)  and  several  authors  have 
recomnr^ed  the  use  of  a  senri-bold  typeface  (Roethlein,  1912;  luckiesh  &  Moss,  1940),  these 
studies  have  feiled  to  find  a  difference  in  perfonnance  (Paterson  &  Tinker,  1940).  However,  the 
leindts  of  studies  perfonned  under  normal  reading  conditloits  may  not  apply  to  the  unique 
conditions  of  the  cockpit  environment.  Cotrscquently,  it  is  not  posable  to  conclude  whether  a 
semi-bold  ^pefereshouki  be  used.  At  best,  it  is  possible  to  say  tltat 

The  type  weight  used  should  support  contrast  behveen  type  and  its  background 

that  is  sufficieitt  to  allow  accurate  and  efficient  recognihon  of  the  infomtafion. 


5.3.4.4  lUllOOPX-ilEKVfTTOOVEiUatCrrERNeOHT. 

The  discus^n  on  font  ^  showed  that  typefaces  of  the  same  point  size  can  differ  ladicaily  in 
their  K-height,  the  height  of  lire  body  of  a  chamder  (see  Section  5.3.2  and  Figure  5-6).  Although 
no  studies  have  been  found  that  address  the  effect  of  x-hclglu  on  parfomronce,  many  graphic 
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designers  (e.g.  Collier  &  Cotton,  1989;  West,  1990)  recommend  using  typefaces  with  high  x- 
hei^ts  as  a  means  of  improving  legibility.  Typefeces  with  high  x-heights  appear  to  be  larger 
than  typefaces  with  lower  x-heights,  thus  matog  them  easier  to  read.  Until  evidence  to  the 
contn^  appears,  the  appropriate  recommendation  is 

When  choosing  between  typefaces,  use  the  typeface  with  the  higher  x-height. 


It  should  be  mentioned,  however,  that  this  recommendation  may  conflict  with  the  earlier  recom¬ 
mendation  to  select  the  typefoce  that  allows  the  greatest  number  of  characters  per  line.  Futura  is 
preferred  to  Helvetica  when  the  criterion  is  space  economy  while  Helvetica  is  preferred  to  Futura 
in  terms  of  x-hdght.  Attempts  to  optimize  on  these  conflicting  criteria  may  mean  that  compro¬ 
mise  is  required  on  both.  However,  for  r^sons  of  legibility,  the  requirements  of  greater  x-height 
must  take  precedence  over  space  economy. 

A  possible  solution  to  this  conflict  might  be  to  use  the  condensed  version  of  a  typeface  with  a 
high  x-height.  Figure  5-9  shows  the  Helvetica  typeface  in  condensed  and  regu!^  versions.  The 
condensed  version  is,  in  effect,  a  compression  of  the  original  typeface  so  as  to  make  it  more  space 
economic.  Although  tliis  would  appear  to  offer  a  meaits  for  resolving  the  tradeoff  between  space 
economy  and  x-height,  condensing  Uie  typeface  can  introduce  distortion  Urat  makes  the  typeface 
more  difficult  to  read.  In  addition,  the  individual  clraracters  nray  become  more  similar,  making 
efficient  dlscrinrinability  more  difficult.  For  these  reasons,  West  (1990)  reconmtends  using  a 
typeface  that  is  space  economic  raliter  tlian  a  condensed  vei^on  of  a  typeface. 


ABCDEFGHIJKLMN0PQRSTUVWXV2  (Helvetica  Condensed) 
A3CDEFGHIJKLMNOPQRSTUVWXYZ  (Helvetica  Regular) 
abcdefghijklmnopqrstuwvxyz  (Helvetica  Condensed) 
abcdefghijkImnopqrstuvwxyE  (Helvetica  Regular) 

Figure  S-9.  Condensed  versus  regular  Helvetica 


Individual  Character  Confustons 

A  final  concern  in  choosing  a  typeface  is  Ute  disoiminability  of  individual  characters.  AtUtough 
this  is  technically  not  a  tool,  it  is  a  concern  of  sufficient  importance  that  should  serve  as  an 
evaluation  criterion  when  choosing  a  typeface.  Tl\e  ability  to  easily  discriminate  individual 
letters  and  nuntbeis  is  crucial  to  accurate  aird  efficient  reading  of  lAP  charts.  Characters  that 
have  been  found  to  be  easily  confused  are  shown  m  Table  5-1 

The  extent  to  which  irrdividual  characters  are  confused  depends,  in  many  cases,  on  the  typeface. 
For  exanq^  Tinker  (1923}coivduded  tlrot  character  legibility  is  reduced  when  very  thin,  hairline 
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Confusable  Letters 


Source 


fijit 

Cattell,  1885;  Sanford, 
1888;  Vernon,  1931 

Lowercase  letter  1, 
numeral  1.  uppercase  i 

ae 

Vernon.  1931 

oe 

Vernon.  1931 

BR 

Tinker,  1928 

GCO 

Tinker,  1928 

QO 

Tinker,  1928 

MW 

Tinker.  1928 

FP 

Spencer,  1969 

HB 

Spencer,  1969 

VV 

Spencer,  1969 

38 

Spencer,  1969 

TY 

Cakir,  Hart  &  Stewart 
(1930) 

S5 

Cakir,  Hart,  &  Stewart 
(1980) 

IL 

Cakir,  Hart,  &  Stewart 
(1980) 

KtorX 

Cakir,  Hart.  &  Stewart 
(.980) 

BforO 

Cakir,  Hart.  &  Stewart 
(1980) 

MNforH 

Cakir,  Hart.  &  Stewart 
(1980) 

Table  5*2.  Confusable  (Baders  (continued  next  page). 


Confusable  Letters 

Source 

JTforl 

Caklr,  hlart  &  Stewart 
(1980) 

RforK 

Cakir,  Hart  &  Stewart 
(1980) 

Z(or2 

Cs^r.  Hart  &  Stewart 
(1980) 

RSSforB 

Caklr,  Hart  &  Slawart 
(1980) 

OO 

Cakir,  Hart  &  Stewart 
(1900) 

Tabte5'2.  Confusable  characters,  coni 


strokes  are  used  in  a  typeface  or  wlien  tong  or  heavy  serifs  are  used.  DiscriniinabtUty  is  inv 
proved  when  a  ciuracter  possesses  distindtve  ascenders  or  descenders,  and  when  a  bi^ge  coun* 
ter  (the  white  space  within  a  letter,  sudi  os  e  or  p)  is  used  (see  Figure  S*5). 


In  addition,  the  individual  characters  of  certain  nrodenr  sans  serif  typefaces,  such  as  Putura, 
Tempo,  and  V^ue,  are  constructed  using  a  conmtun  set  of  modular  elenrents.  This  nwans  that 
individual  dranreters  nuy  differ  from  each  other  on  the  basis  of  one  or  a  few  parts  or  nrodules. 


Ovink  (1^,  died  by  Spencer*  1969)  provides  some  suggesUervs  for  improving  the  dlscfinUnabil- 
ily  of  certain  characters,  lire  Errglish  alplrabet  includes  two  dviraclers  that  can  appear  in  dther  of 
two  very  different  fomis:  a  or  o  and  g  or  g.  Usu  .g  a  tachistoscope,  Ovhrk  slrowcd  that  "a"  was 
snore  dis£rimlnab)e  Uran  'o,''  but  either  "g"  or  'g*  was  legible,  so  long  as  tire  flag  on  the  g 
version  was  sufficlrffilly  large.  Ovurk  also  cotrcluded  Urat  the  dot  on  Uie  letter  i  should  be  large 
and  dearly  separate  from  the  stem,  but  its  shape  was  not  iinportant  Firrally,  the  hook  on  (lie 
leth^'T  was  found  to  be  iinportant  for  easy  discrumiubiiity. 


outer  confusions  between  leUeis  aro  possible,  depending  upon  Ure  typeface  in  question.  Conse* 
quently  it  is  intpoitant  to 


Ensure  that  all  typeface  characters  are  easily  discriminabfe. 


Avoid  usirrg  a  typeface  that  Includes  unusual  letter  shapes.! 
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5.3.6  Type  Case 


Words  set  in  all-caps  aie  commonly  used  for  headlines  and  other  attention-attracting  print 
situations.  The  qut^on  arises  as  to  whether  all-caps  are,  in  feci,  more  legible  tlran  words  set  in 
lowercase  letters  with  the  first  letter  capitalized.  C^e  reason  why  all-caps  could  be  more  legible  is 
their  greater  size  relative  to  lower-case  letters.  Consequently,  meaningfiil  comparisons  between 
uppercase  and  upper-Zbwacase  letters  can  only  be  made  if  the  letters  are  the  same  height  (see 
RguwS-10). 


ABCDEFGHIJKLMNOPQRSTUVWXYZ 


abcdefghijkimnopqrstuvwxyz 

ABCDEFGHIJKLMNOPQRSTUVWXYZ 

Figure  S-10.  Upper-  versus  lowercase  letter  disoriminabitity. 


In  arguing  for  the  greater  readability  of  uppor/bwercose  letters,  Spencer  (l%9)coiKiuded  ttrat 
"AU-capit^  printing  retards  speed  of  reading  to  a  greater  exle»\t  than  any  otlwr  ^ngle  t>'po- 
graphk  factor"  (p.  30).  This  conclusion  was  based  upon  the  results  of  studies  by  Breland  and 
Breland  (1944),  Paterson  and  Ttidicr  (1940;  l  inker  &  Paterson,  1928),  aivd  Starch  (1914).  In  eadr 
study,  uppercase  text  was  eonsisteirtly  read  more  slowly,  reducing  teadfeg  speed  anywhere 
fiom  9J3  to  19%  for  five  and  ton  minute  test  periods  to  13.0%  for  20  nritrute  test  period 

Use  of  all  uppercase  letters  also  lus  tiw  disadvantage  tliat  40  to  50%  more  spaa*  is  required  lhair 
whsn  upper/loweicase  letters  are  used  (Spenar,  1969)  and  addllioici)  Urns  are  likely  to  be 
nx|uircd  to  handle  the  sanw  amount  of  text.  In  addition,  eye  movement  studies  have  shown  Ural 
uppercase  text  increases  both  tin?  duration  of  fixatioirs  and  the  number  of  fixations  made,  the 
latter  due  to  tire  brger  amount  of  space  tliat  must  be  scanned  (Spencer,  1969).  Mai^y  of  these 
findings  may  very  weU  be  due  to  our  unfemitiarity  with  uppercase  btiers.  Horely  do  we  read 
tnatcri^  that  has  moie  than  a  few  words  ill  all  uppercase. 

Several  autiiors  have  also  argued  that  lowercase  letters  possess  more  distinctive  shapes  than  do 
uppercase  lettets.  Uppercase  letters  tend  to  n^mible  each  other  because  they  are  ba^  upon  a 
more  constialned  range  of  shapes  than  bwetcase  letters.  In  contrast  to  the  variety  of  shapes  of 
words  presented  in  lowercase  letters,  words  in  all-caps  have  a  comnton  boxlike  appearance, 
which  is  likely  to  inhibit  the  speed  willi  wliich  words  are  recognized.  This  observation  can  be 
quesUonedL  however,  on  the  basis  of  studies  which  liave  shoivn  that  when  very  small  lettering. 


95 


approadung  the  threshold  of  legibility,  is  required,  uppercase  letters  are  more  easily  discrimi¬ 
nated  (Poulton,  1964;  Hailstone  &  Foster,  1967,  cited  by  Spencer,  1969). 

Although  there  is  substantial  data  to  suggest  that  upper/lowercase  letters  should  be  used,  the 
feet  that  space  is  at  a  premium  means  that  the  greater  discriminability  of  uppercase  letters  when 
very  small  type  sizes  are  used  must  be  considered.  Fortimately,  a  study  by  Phillips,  Noyes,  and 
Audley  (19^,  which  required  subjects  tc  search  for  names  on  a  map,  provides  some  clarification 
of  these  conflictiirg  coiKlusions.  They  found  that  lower  case  names  set  with  an  initial  capital  were 
found  10  percent  fester  than  names  set  in  all  caps. 


Available  research  data  suggests  that  upper/lowercase  letter  combinations  are 
read  more  quickly  and  support  more  efficient  so!=*.rch  for  names  on  a  map  than 
upper-case  letters  used  without  lower-case  leu- iS. 


5.3.7  inter-Character  Spacing 

Proper  spadng  between  characters  contributes  to  the  speed  with  which  textual  materials  are 
read.  Inter-character  spacing  must  be  considered  with  respect  to  the  spacing  between  cl  laracters 
^vithin  a  word,  and  the  spacing  between  words.  Studies  on  reading  suggest  that  experienced 
readers  recognize  entire  words  rather  than  using  the  individual  characters  to  identify  each  word 
(e.g.  Tinker,  1947;  Underwood,  1985).  The  spacing  between  individual  characters  influences  our 
ability  to  recognize  the  overall  shape  of  the  word  comprised  by  those  characters. 

Figure  5-11  presents  three  sentences  that  vary  in  the  spacing  between  characters.  Tight  spacing 
between  ch^ctere  results  in  the  characters  almost  touching.  In  extreme  cases,  the  characters 
actually  do  touch.  Tight  spadng  makes  the  words  look  cramped,  and  makes  them  somewhat 
difficult  to  read.  At  the  other  extreme,  widely  spaced  type  hinders  the  reader’s  ability  to  differen¬ 
tiate  the  boundaries  between  words.  Extra  effort  must  be  made  to  read  the  sentences. 


This  is  an  exanpie  of  closely  spaced 

This  is  an  example  of  the  default  spacing  used  a  Macintosh  page  layout 
software  package. 

This  Is  an  example  of  widely  spaced  type. 

Figure  5-1 1,  Variations  in  spacing  between  letters. 


Determining  tlie  correct  spacing  between  individual  characters  can  be  difficult,  in  part  because  of 
variations,  in  the  appropriate  spadng  for  certain  character  combinations.  For  example,  the  spac¬ 
ing  used  between  AV  must  be  difierait  tlian  that  used  between  BL  because  of  the  unique  quali¬ 
ties  of  the  character  shapes.  The  ANSI  Human  Fadors  Standard  (1988)  recommends  that  the 
spadng  between  chaiacters  be  at  least  10%  of  diaracter  height  while  the  Gennan  Standard 
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(Deutsche  Institut  fur  Normungeiv  1982)  suggests  15%.  One  possible  reason  for  this  disaepancy 
is  that  German  words  tend  to  have  more  characters  (OsbomC/  personal  communication,  1^2). 

Spacing  will  also  be  influenced  by  the  typeface  used.  For  example.  West  (1990)  suggests  that  sans 
s^  tyi^aces  can  be  spaced  more  closely  together  than  serif  t^faces.  Also,  spacing  depends 
upon  the  "openness"  of  the  typeface.  Openness  is  best  judged  by  the  roundness  of  the  outside 
part  of  the  "O."  Open  typefaces  cannot  be  spaced  as  tightly  as  less  open  typefaces  (West,  1990). 
Ultimately,  however,  charter  spacing  will  have  to  be  assessed  visually  to  ensure  that  the 
spacing  looks  consistent  (West,  1990). 

Spacing  between  characters  within  a  word  should  be  at  least  10  to  15%  but 
should  be  assessed  visually  to  ensure  that  the  spacing  looks  consistent  for  all 
combinations  of  word  characters. 

Spacing  between  words  is  also  critical.  Large  gaps  between  words  make  it  difficult  for  the  eye  to 
move  smoothly  from  one  word  to  the  next.  Tight  spacing  between  lines  of  text,  combined  with 
loose  spacing  between  words,  can  cause  the  eye  to  unintentionally  skip  from  one  line  to  the  next. 
Tight  spacing  between  words,  on  the  other  hand,  obsaaes  the  bound^es  between  words. 
Typically,  one  character  space  is  recommended  for  separating  words  (American  National  Insti¬ 
tute  for  Standards,  1988). 

Use  one  character  space  to  separate  words. 


5.3.8  leading 

Although  lAP  clrarts  do  not  contain  large  amounts  of  text,  there  are  places  where  spacing  be¬ 
tween  li^es  must  be  addressed,  for  example,  for  Hssed  approach  imtructiom.  Leading  refers  to 
the  spacing  between  lines  of  text,  llie  term,  leading,  arose  from  the  use  of  strips  of  lead  to  pro¬ 
duce  the  selected  spacing  between  Imes  of  metal  character  blocks.  Leadii^g  is  important  because 
it  influences  tlie  ability  of  Ute  eye  to  n\ove  smoothly  along  a  line  of  texK  If  Uie  spacing  is  too  tight, 
the  eye  may  accidentally  siUft  from  one  litre  to  atrcUtcr. 

lire  amouirt  of  leading  Utat  should  be  used  depends  upon  a  number  of  factors,  including  t)''* 
length  of  the  text  line  and  the  character  spacing  used,  l  ight  spacing  between  clraracters,  togetlrer 
witlr  short  line  lengtlrs,  requires  the  use  of  a  tighter  spcltrg  between  Imes  (West,  1990).  The  ANSI 
Human  Factors  Standard  recommends  tliat  either  a  minimum  of  two  stroke  widths  be  used  or 
15%  of  the  cliararter  height,  whichever  is  greater,  llils  space  does  not  include  the  space  required 
for  lower  case  character  descenders.  Using  the  15%  of  the  clwracter  height  as  a  starting  point 
provides  good  spadttg  for  the  short  lines  of  text  used  to  dispby  missed  approach  insUuctions. 
Once  again,  however,  spacing  should  be  checked  visually  to  et\sure  tlut  it  looks  consistent, 
especially  when  ascenders  aild  descenders  occur  (West,  1990). 

The  spacing  between  bottom  of  descenders  on  one  line  and  the  top  of 
ascenders  on  the  next  tine  should  be  approximately  15%  of  character  height. 

The  spacing  should  be  visually  assessed  to  ensure  that  it  looks  consistent. 
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5.3.9  Rotated  Type 


Most  lAP  charts  align  type  in  accordaiKe  with  the  direction  of  the  symbols  (e.g.  radii)  to  which 
they  are  attached.  Because  we  are  not  accustomed  to  reading  words  that  deviate  substantially 
from  the  horizontal,  our  ability  to  find  and  recognize  words  displayed  in  rotated  type  may  1^ 
hindered  This  view  was  substantiated  in  a  study  by  Foster  and  Kirkland  (1971,  dt^  by  Phillips 
&  Noyes,  1977),  which  compared  search  times  for  names  printed  eitlier  as  curved  or  straight 
print  on  two  versions  of  a  monochrome  map.  Not  surprisingly,  search  for  names  printed  in  a 
horizontal  orientation  was  significantly  faster.  The  extent  to  which  this  affects  performance  in 
searching  for  names  on  lAP  charts  is  not  knowrv  Consequently,  it  may  be  premature  to  condude 
that  text  should  never  be  rotated. 


Whenever  possible,  avoid  presenting  text  in  a  non-horizontal  orientation. 


5.3.10  Type/Background  Contrast 

In  some  cases,  it  may  be  necessary  to  apply  type  to  a  patterned  background,  for  example,  when  a 
symbol  label  must  be  placed  upon  the  dot-patterned  symbol  representing  a  body  of  water  (see 
Figure  5-12).  When  this  occurs,  a  loss  of  contrast  between  the  type  and  the  back^ound  pattern  is 
inevitable.  Consequently,  it  is  important  to  ensure  that  sufBcient  contrast  remains  to  support 
legibility.  Unfortunately,  data  specifying  the  minimum  contrast  leveb  for  this  problem  were  not 
found  in  the  literature. 

An  alternative  is  to  present  the  label  in  a  box  against  a  plain  background.  There  is  some  support 
for  this  approach.  Shortridge  (1979)  looked  at  the  differences  in  type  size  required  to  ensure  that 
type  size  coding  differences  were  consistently  detected.  As  a  part  of  this  study,  she  investigated 
the  effect  of  background  on  type  size  detection.  She  found  tliat  small  differences  in  type  size  were 
harder  to  see  when  one  or  both  of  the  labels  were  presented  on  a  patterned  background.  Locat¬ 
ing  the  labels  within  white  boxes  appeared  to  solve  the  problcia  lliis  conclusion  is  also  sup¬ 
ported  in  two  studies  on  aviation  charts,  one  study  by  Spiker,  Rogers,  and  Cidnelli  (1986),  which 
looked  at  color  coding  on  computer-generated  topographic  maps;  and  a  second  study  by  Taybr 
(1975,  cited  by  Taylor  &  HojdJn,  1975)  wluch  investigated  legibility  on  charts  used  for  low 
altitude,  high  speikl  flight 


Discriminability  of  alphanumeric  symbols  which  must  be  located  on  a  patterned 
background  may  be  improved  by  presenting  that  information  In  a  box  which  has 
a  non-pattemed  background. 


5.4  SYUBOL  CHARACTERISTICS  TOOLS 

Symbols  are  an  important  tool  for  embodyuig  information  on  lAP  charts.  The  term,  "symbol"  is 
u  here  to  refer  to  visual  elements  other  than  alpltanumeric  characters.  One  advantage  of  using 

symbols  is  their  greater  compactness,  in  comparison  to  texbial  labels  (Kolers,  1969;  Zwaga  it 
Boersema,  1983).  A  we]i-des%ned  symbol  is  able  to  cotwey  a  lot  of  infomtation  in  a  relatively 
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small  space.  In  addition,  symbols  may  be  perceived  more  rapidly  than  reading  text  (Dewar,  EUs 
U  Mundy,  Wfa  EUs  &  Dewar,  1979;  WoU^,  Nicolay  k  Steanrs,  1963). 

Symbol  effectiveness  depends  upon  a  number  of  factors,  including  tire  chart  user's  ability  to 
detect  the  symbol  agaht^  a  possibly  cluttered  background,  disainrinate  it  from  all  other  sym¬ 
bols,  and  UKieistai^  what  it  means.  Ensuring  that  the  symbols  which  are  used  are  meaningful  is 
a  complex  task  that  involves  manipulating  Uie  visual  elements  of  the  symbol  (shape,  texture, 
etc.)  so  as  to  best  support  user  undisrstanding  of  the  brformation  to  be  conveyed  by  that 
symbol  Although  this  aspect  of  symbol  design  is  cdtical  to  symbol  effectiveness,  it  involves 
i^es  of  a  cognitive  natute  which  fall  outside  the  scope  of  this  Handbook.  Tools  for  making 
symbols  easier  to  locate  and  discriminate  from  background  visual  elements  and  other  symbols 
are  addressed  in  the  remaiixler  of  this  chapter. 

Designing  effective  symbols  is  not  an  easy  task,  nor  is  there  much  guidance  available  in  the 
Eterature.  There  have  even  been  claims  Urat  general  principles  for  symbol  design  are  not  feasible 
^me  researchers  have  attempted  to  provide  guidelines  for  the  use  of  certain  synrbol  attri¬ 
butes.  . others  have  focused  on  the  development  of  perfonnance-bosed  criteria. . ..  These  ap¬ 
proaches  allow  cairdidate  symbol  to  be  evaluated  along  predetemrined  dimensions.  How¬ 
ever,  such  general  principles  are  often  ovenidden  by  situaUcmally  spedEc  factors.  It  seenrs  more 
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fruitful  to  seaidi  for  display  principles  that  pertain  to  a  restricted  class  of  displays  that  will  be 
used  under  siir  'lar  circumstances'^  (Remington  &  Williams/ 1986/  p.  407). 

Although  this  position  is  largely  correct/  it  is  still  possible  to  provide  some  very  general  guidance 
on  how  to  design  discriminable  symbols.  This  guidance,  however,  is  intended  for  use  after 
symbols  that  are  thought  to  be  meaningful  and  usefid  for  lAP  charts  have  been  designed  and 
evaluated  for  their  ability  to  convey  information.  The  information  provided  in  this  section  will 
not  compensate  for  symbols  which  lack  basic  meaningfulness. 

Also,  it  is  important  to  remember  that  disciiminability  is  a  relative  concept  (Easteiby,  1970).  It 
makes  no  sense  to  talk  about  the  disciiminability  of  a  sir  gle  symbol  A  given  symbol  is  discrim¬ 
inable  only  with  respect  to  all  other  symbols  likely  to  be  used  in  the  same  context. 

Three  common  types  of  symbols  are  used  on  lAP  charts  (Potash,  1977;  see  Figure  5-13): 

•  Point  symbols,  which  specify  a  geographical  location  (e.g.  waypoints  and  obstacles). 

•  Line  symbols,  which  typically  specify  the  direction  of  movement  (e.g.  the  missed 
approach  path  symbol  located  at  the  end  of  the  runway).  Line  symbols  are  also  used 
g^iide  the  eye  from  one  location  to  another  (see  Chapter  5). 

•  Area  symbols,  which  specify  area  in  two  dinrensions  (e.g.  bodies  of  water). 

Section  52  described  two  forms  of  control  over  eye  movements  made  when  searching  for  infor¬ 
mation  on  a  chart.  Symbols  must  be  designed  to  support  these  control  mechanisms  in  order  to 
contribute  to  efficient  symbol  search.  This  means  that  each  symbol  must: 

«  Be  easily  Kcognizabk  in  foveal  vision.  Its  overall  shape  must  be  suffidently  simple  and 
*'dean"  to  allow  rapid  discrimination  of  the  symbol  fix>m  its  background  and  neigh- 
boting  visual  elements. 

•  Support  processing  by  periphml  vism.  Tl^e  efficiency  of  the  search  process  is  related  to 
tire  extent  to  wliich  p^phomi  vision  can  discrimiitate  potential  target  elements  from 
non-target  elements.  AlUrough  peripheral  vision  is  not  sensitive  to  detailed  informa¬ 
tion,  it  can  disotminate,  with  varying  success,  on  the  basts  of  color,  size,  shape  and 
other  visual  dimensions.  Sy  mbols  should  be  desigtred  to  support  discrinrination  by 
peripheial  vision,  to  the  extent  pctssible. 

This  section  focuses  primarily  on  how  to  design  symbols  which  support  efficient  processing  by 
foveal  vision.  Sectioits  7X  formation  Highlighting,"  and  73,  "Information  Coding,"  suggest 
irewsymbdscan  bede^red  to  support  peripheral  visioa 

5A1  Symbol  Shape 

Easily  discrintinable  i^rmboLs  take  advantage  of  certain  "preferetrces"  possessed  by  the  visual 
system.  jRour  types  of  pre/erencesthat  %vill  be  looked  at  with  respect  to  symbol  shapeare; 

•  Simplidfy  of  shape 

«  Distinctiveglobalshape 
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Figure  5-13.  Common  typos  of  symbols  used  on  lAP  charts. 


•  Simple  local  features 

•  Figure/ground  stabiUty 

5.4.1.1  Sturuenv  of  Shape 

live  speed  with  wlikh  a  symbol  is  found  and  recognized  is  Influenced  by  two  related  factors,  the 
simplkUy  of  the  shape  of  Ute  syn^bol  atui  tire  fainilLuity  of  the  sliape  (Easterby,  1970).  For  ex¬ 
ample,  Forrest  ai\d  Cashier  (191^)  compared  search  rates  for  simple,  abstract  symbols  and 
complex,  pictographic  symbols.  Simple;  abstract  symbols  were  found  more  rapidly,  altliough 
slightly  higher  error  rates  occurred. 

Complex  symbols  place  gtealer  demands  on  the  visual  system  for  the  simple  reason  that  Uiey 
convey  a  greater  anrount  of  information  in  comparison  to  simple  symbols.  'The  greater  Uw 
numbed  of  different  angles,  direction  clianges,  curves,  intetsedions  and  boundaries,  tiie  greater 
the  asynunetiy,  the  more  complex  an  image  appears  to  be,  i.e.  the  greater  Uie  amount  of  basic 
physi^  information  it  seems  to  hold"  (Wood,  i972b,  pp.  127-2B}. 


Simple,  famittai'  symbol  shapes  should  be  used  whenever  possible. 


^mple  geometdc  shap^  may  also  be  combined  to  form  more  complex  symbols.  Regardless  of 
«\^ether  geometric  shapes  are  used  alone  or  in  combination^  each  shape  should  be  designed  to 
support  maximum  disaiminability  from  all  other  shapes.  Some  guid^e  on  how  to  do  this  is 
provided  by  Caspesson  (1950),  who  conducted  a  shape  discriminability  study  to  identify  the 
pammeteis  that  contribute  to  more  effective  discrimination  between  simple  geometric  shapes. 
He  found  that  each  shape  has  its  own  dimension  that  best  differentiates  it.  Shapes  that  were 
evakafod,  together  wUli  their  defining  dimensions,  are  shown  in  Table  5-3. 


Elipses  stnd  triangles  Area 

and  diamonds  Maximum  dimension 

Stars  tand  aosses  Perimeter 


Table  5-3.  Optimal  dimension  for  ensuring  maximum  discriminability  of 
simple  geometric  shapes. 


Ensure  that  eadi  geometric  shape  Is  maximally  distinctive  by  utilizing  that 
shs^'s  defining  dimension. 
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h\  her  review  of  icon  design  for  user-computer  iitterfaces,  Rogers  (1989)  argues  that  the  overall 
global  shape  of  the  symbol  appeats  to  play  the  greatest  role  in  symbol  recognition  and  discrin^- 
naUon;  way  in  wtiich  Uve  shape  of  the  Icon  [symbol]  can  facilitate  easy  disciindttation 

among  alternative  is  to  maximize  the  dilfereiKe  betwam  the  outline  shape  of  the  icons  withii\  a 
set.  Hence  varying  the  global  structure  of  each  of  Ute  icons  sluHild  nuke  it  ea^r  to  locate  and 
identify  an  individual  la)n  [symbol!"  (p.  144). 

Her  ooncluslon  is  based  on  a  s^dy  by  Arend,  Muthig,  and  Wandnucher  (1987;  also  see  Pomer* 
aritz,  1983)  which  suggested  that  sub|ects  can  respond  to  the  global  features  of  an  icon  (e.g, 
shape,  size,  color)  muen  more  rapidly  than  the  local  features  (the  lines,  elenrents,  and  structures 
within  the  figure)  of  an  icon.  If  tMs  is  the  case,  icons  which  differ  with  respect  to  global  features 
.  <41!  be  seaidted  and  identified  foster  than  krons  with  similar  global  shapes  but  different  local 
aatures.  This  hypothesis  was  confintned  by  their  results.  Tlie  global  shape  of  a  symbol  is  an 
important  tool  for  supporting  both  search  and  disoiminability  of  syntb^  front  each  other  and 
foom  backgmund  elemaits. 

Clearly,  there  b  a  good  deal  of  evidence  to  suggest  ilut  distinctiveness  of  the  overall  shape  of  the 
symbol  b  one  of  the  most  dominant  foctots  shat  contribute  to  symbol  search  and  recognition. 
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Symbols  should  be  designed  to  have  distinctive  global  shapes. 
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Distinctiveness  also  needs  to  be  considered  with  respect  to  background  information  elements  or 
symbols  that  may  be  positioned  near  to,  or  on  top  of,  each  other.  Chapter  5  discussed  various 
ways  in  which  contrast  between  elements  can  be  used  to  embody  the  visual  structure  of  the 
ch^  Contrast  variations  are  made  by  varying  the  "weight"  of  the  symbol  (Heiulerson,  1976), 
that  is,  the  extent  to  which  a  symbol  stands  out  in  comparison  to  other  elements.  Although  the 
size  or  the  line  weight  of  the  symbol  can  be  varied,  Henderson  suggests  that  using  variations  in 
the  iirk  ratio  used  to  derine  a  symbol  is  a  more  effective  approach.  A  higher  ink  ratio  will  cause  a 
symbol  to  appear  to  be  brighter  and,  therefore,  more  important. 

Regardless  of  the  wdght  used,  each  symbol  must  support  easy  differentiation  horn  neighboring 
and  backgroimd  information  elements.  This  mear\s  drat  each  symbol  should  possess  a  strong, 
outline  contour  that  clearly  dehnss  the  outline  form  of  the  symbol  (Easterby,  1 970). 


Use  a  strong  outline  contour  to  define  each  symbol  in  accordance  with  its 
relative  position  within  the  visual  structure  of  the  chart. 


5.4.1,3  SuvLE  Local  FEATimES 

Although  there  appears  to  be  strong  agreetnent  as  to  the  importance  of  the  global  shape  of  a 
symbot  treatment  of  local  features  appears  to  be  less  clear-cut.  For  example,  Rogers  (1989)  aigues 
that  distinctive  local  features  are  helpful  as  well:  'The  optimal  solution,  therefore,  is  to  be  able  to 
design  an  icon  set  in  which  all  the  icons  have  different  outline  sltapes  but  also  contain  sufficient 
local  feature  information  for  them  to  have  a  direct  mapping  to  tlte  underlying  referents"  (Rogers, 
1989,  p.  145).  Qearly,  Rogers  is  arguing  for  the  importajKe  of  local  detail  as  a  means  of  conveying 
the  miming  of  a  symbol  Other  researchers,  however,  suggest  titat  distinctive  local  features  can 
reduce  the  discrinrinability  of  syn\boIs  and,  in  fact,  Rogers  sccn^s  to  take  this  position  as  well 
when  she  suggests  that  the  compact  nature  of  symbols  means  tlrat  they  slrould  be  as  simple  as 
possible:  "(l^ine  detail  makes  no  contribution  K  unambiguous  and  rapid  interpretation  of 
pictorial  infomvition.  Simple  outline  drawings  of  objects  ^rould  be  us^  iir  preference  to  draw¬ 
ings  using  shading"  (Rogers,  1989,  p.  145X 

Some  evidence  which  supports  the  view  that  local  features  of  a  symbol  should  not  be  empha¬ 
sized  is  provided  by  Taylor  (1975,  dted  by  Taylor  &  Hopkin,  1975).  In  evaluating  a  set  of  synv 
bols  to  be  used  on  charts  for  low  altitude,  high  speed  flight,  he  found  that  all  of  the  symbols  were 
more  effective  than  text  bbels,  ivith  one  exception.  Tire  exception  was  a  synrbol  for  water  towers 
which  was  "a  detailed,  flire  line  drawing"  (Taylor  &  Hopkirr,  1975,  p  201k  The  ineffectiveness  of 
Utis  synrbol  led  Taylor  and  Hopkin  to  recommeird  tlrat  symtols  should  be  bold  and  sinrple  in 
form,  avoiding  the  use  of  flirei^tailespedaily  if  discriiniirability  between  syinhols  must  take 
place  means  of  that  detail 


Avoid  using  detected  local  structure  to  define  symbols.  Instead,  symbols  should 
be  disorimlnabte  on  the  basis  of  their  global  shape. 
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Avoidance  of  detailed  local  structure  is  also  suggested  by  the  recommendation  by  many  re¬ 
searchers  (Dudish  &  Goehler,  1988;  Easterby,  1970;  Forrest  &  Castner,  1985)  that  symbols  should 
be  filled  rather  than  open.  For  example,  Forrest  and  Castner  found  that  "darker,  more  solid 
symbols"  were  found  faster,  and  also  were  preferred  by  their  subjects. 


Use  filled  symbols  rather  than  open  symbols. 


S.4.1.4  Strong  Rqure/Grouno  Reutionship 

Symbol  discriminability  depends  upon  a  strong  figure/grormd  relationship  that  enables  the 
symbol  to  stand  out  against  a  potentially  cluttered  backgroimd.  Hgure/ground  relationships  are 
determined  by  a  number  of  factors,  such  as  the  simplicity  and  regularity  of  the  item,  and  its 
relative  brightness  as  compared  to  the  background. 

Will;  respect  to  symbols,  some  tools  for  supporting  figure/ground  include: 

•  Size:  smaller  elenients  are  more  likely  to  appear  as  figures  against  larger  elements. 

•  Simplicity  (^familiarity  of  shaper.  Simple  or  familiar  shapes  are  more  likely  to  be  seen  as 
figures. 

•  Brightness:  Brighter  elements  (eitlrer  tluough  color  or  tlvough  a  high  ink-to-paper  ratio 
will  tend  to  be  seen  as  figures. 

•  Continuous  contour,  Qosed  shapes  wliiclr  are  fomoed  by  a  continuous  Une  are  likely  to 
be  seen  as  figures. 

•  Strong  contour,  A  shape  that  is  defined  by  a  strong  contoured  line  will  tend  to  appear 
asa  figure. 

•  /nferposfiton;  An  element  which  has  at  least  one  surface  that  can  be  seen  in  its  entirety 
will  appear  as  being  located  "itr  front  oF  an  clement  wlUch  has  no  surfaces  that  can  be 
completely  seen. 

•  Symmeirkd  shape.  Elements  that  mu  synunetrical,  especially  around  the  left/right  axis, 

to  be  seen  as  figures. 


Ensure  that  each  symbol  stands  out  as  a  strong  figure  against  all  background] 
patterns  and  elements. 


5,4.2  Symbol  Size 

Unlike  alphanumeiic  characters,  there  are  no  standard  recommendations  for  symbol  sizes. 
Probably  the  main  reason  for  this  is  tlrat  nrinimum  symbol  size  is  going  to  depend  upon  the  type 
of  symbol  being  used.  For  example,  an  important  location  could  marked  by  using  a  simple 
dark  square  or  by  means  of  a  plctograph  that  describes  something  about  that  locatioa  Robinson 
and  Sale  (1969)  recommend  t^t  symb^  should  have  a  niinimum  size  of  two  minutes.  Given 
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that  the  recommended  sizes  for  alphanumeric  characters  range  from  1 6  to  22  minutes,  Robinson 
and  Sale  are  probably  referring  to  minimum  size  for  a  very  simple  symbol  such  as  a  square. 
Ultimatdy,  symbol  size  must  be  determined  by  the  size  of  the  smallest  component  of  a  symbol 
that  must  be  detected  and  recognized  (Taylor  &  Hopkin,  1975). 

There  are  other  factors  that  must  be  considered  as  well  If  colors  are  applied  to  the  symbol  or  its 
background,  legibility  of  the  symbol  may  be  reduced  and  must  be  compensated  for  by  using  a 
larger  symbol  (Dent,  1985).  hr  addition,  decisions  about  symbol  size  must  take  into  account  the 
desired  size  of  a  symbol  Certain  shapes  appear  visually  larger  than  other  shapes,  for  example, 
round  shapes  seem  larger  than  squares  (Robinson,  1952).  Also,  a  symbol  that  is  located  away 
from  all  other  visual  elements  may  appear  larger  than  the  same  symbol  located  in  a  cluster  of 
information  elements  (Potash,  19^.  ^ch  symbol  should  have  a  visual  size  that  is  appropriate 
relative  to  its  role  and  position  willrin  the  visual  structure  of  the  chart. 

Rnally,  symbol  size  will  be  impacted  by  the  realities  of  the  chart.  In  some  cases,  a  smaller  size 
will  have  to  be  used  in  order  to  fit  all  the  relevant  information  into  the  appropriate  location 
(Potash,  1977).  (Clearly,  selecting  sizes  for  all  symbols  is  not  a  simple  task 


When  making  decisions  about  symbol  size,  consider  all  of  the  factors  that 
impact  symbol  effectiveness,  including  legibility  requirements,  role  and  position 
of  each  symbol  within  the  visual  structure  of  the  chart,  apparent  visual  size,  and 
space  constraints. 


5.4.3  Symbols  and  Color 

With  respect  to  syntbols,  color  can  be  used  in  two  basic  ways.  First,  it  can  be  used  to  add  addi¬ 
tional  realism  to  a  symbol.  A  second  approach  is  to  use  it  in  accordance  willi  a  color  coding 
scheme.  The  Qisl  use  of  color  is  addressed  here.  C^lor  coding  of  symbols  is  discussed  in  Se^on 
73. 

Most  users  of  electronic  displays  like  color.  For  this  reason,  the  temptation  is  to  apply  color  to 
symbols  to  nrake  them  more  realistic  or  attractive.  Ihc  im  jwet  of  color  for  added  realism  or 
attractiveness  does  not  appear  to  have  been  studied.  Comotjuently,  the  issue  can  ordy  be  ad¬ 
dressed  in  terms  of  how  perfonnance  might  be  affected.  There  are  two  obvious  ways  in  wldch 
color  might  be  expected  to  affect  perfonnance  in  finding  and  recognizing  symbols.  First,  color 
might  affect  the  legibility  of  the  symbol  It  is  possible  tlwl  the  application  of  color  might  reduce 
the  visibility  of  Uu?  borders  of  Uie  symbol,  nwking  it  more  difficult  to  differentiate  it  from  its 
background.  The  extent  to  which  Uiis  is  likely  to  be  a  problem  is  probably  depervdent  upon  the 
colors  used  for  tire  symbol  itself,  any  neighboring  infoniuUon  elements,  and  Uie  background 
against  which  the  symbol  appears. 

A  second  way  in  which  color  might  nuikc  a  difference  is  as  a  potentLal  source  of  distraction. 
Rogers  (1989)  argues  against  the  use  of  color  for  added  realism  because  the  addition  of  color 
could  ^ow  the  seandi  process.  Tliis  might  occur  not  only  because  of  reduced  legibility  but  also 
because  the  eye  may  be  attracted  to  certain  colors,  Uius  liindering  its  ability  to  move  quickly  from 
one  element  to  anol^r. 
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Of  course,  color  could  potentially  compensate  for  reduced  legibilivy  in  that,  if  the  chart  user  knew 
the  symbol's  color,  recognition  could  t^  place  by  means  of  color  rather  than  shape  (Eastert)y  & 
Haki^  dted  by  Collins,  1982).  This  use  of  color  is  addressed  in  Section  7.3  of  the  Handbo  k. 


Color,  used  solely  as  a  means  of  adding  realism  or  attractiveness  to  symbols, 
should  be  avoided. 


5.4^  A^leving  Legibility 

Although  symbols  are  used  in  a  variety  of  everyday  situations,  we  still  don't  know  much  about 
how  to  design  them  effectively.  It  remains  fo'*  the  chart  designer  to  ensure  that  symbols  are 
designed  effectively  so  as  to  support  efficient  detection  and  discrimination  of  aU  symbols,  regard¬ 
less  of  how  they  may  be  positioned  within  a  chart.  Ultimately,  good  symbol  design  comes  down 
to  providing  sufficient  contrast  between  each  symbol  and  its  surroundings  (Henderson,  1976). 
And  there  are  no  hard  and  fast  rules  on  how  to  determine  if  sufficient  contrast  has  been 
achieved. 

Symbol  legibility  is  also  greatly  impacted  by  tlie  medium  on  wlfich  it  is  displayed.  Consequently, 
care  must  be  taken  when  transferring  a  symbol  from  the  paper  mediunt  to  electronic  displays. 


If  a  symbol  that  has  been  used  on  paper  charts  is  to  be  transferred  to  the 
electronic  medium,  be  sure  to  determine  if  sufficient  resoiution  is  available  to 
support  the  symbol.  Otherwise  the  symbol  may  have  to  be  modified  to  take  into 
account  the  reduced  resolution  of  the  electronic  display. 


Finally,  all  of  this  guidance  on  how  to  design  lt?gible  symbols  must  be  balanced  by  tlie  need  to 
provide  ttmtiinfiful  symbols.  A  symbol  tliat  is  easy  to  find  and  recognize  must  also  effectively 
(Convey  the  infonnation  it  is  intended  to  represent. 


SS  SUMMARY 

this  chapter  has  addressed  Uie  issue  of  how  to  present  alplianumeric  and  symbolic  information 
so  as  to  support  the  cliart  user's  ability  to  quickly  find  and  recognize  those  pieces  of  information 
of  imnv^te  intemst.  Hie  focus  lias  been  on  describing  (oob  Hurt  can  support  rapid  infomuiUon 
access  by  enabling  fovcol  vision  to  quickly  discriminate  the  contours  and  details  of  the  infotma- 
tion  from  background  clutter.  In  tliis  way,  the  duration  of  each  fixation  can  be  reduced,  resulting 
in  faster  search  peifomiance.  As  Section  5.2  pointed  out,  however,  searcli  perfomiance  can  also 
be  improved  by  utilizing  the  capabilities  of  petiplieral  vision  in  guiding  the  eye  to  those  locations 
most  likely  to  contain  the  infonnation  of  interest.  1  ools  for  supporting  peripheral  vision  ore 
described  in  tiie  next  diaptex. 
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6.  SEARCH  AND  PERIPHERAL  VISION 


6.1  OVERVIEW  OF  CHAPTER  6 

A  major  part  of  lAP  chart  use  involves  looking  for  specific  types  of  information  when  they  are 
need^  This  process  involves  discriminating  between  the  t^get  information  and  aU  other 
information  presented  on  the  chart.  Improving  the  ability  of  the  chart  viser  to  distinguish  target 
fitom  non-target  infoimation  would  appear  to  contribute  greatly  to  search  efficiency. 

Hus  chapter  reviews  three  types  of  design  tools  that  may  support  this  process: 

•  Information  Highlighting  Tools,  which  enable  visual  discrimii^tion  between  important 
and  less  important  types  of  infonnation.  Highlighting  tools  include  bolding  and 
reverse  type. 

•  Information  Coding  Tools,  which  provide  visual  metltods  for  categorizing  information. 
These  tools,  whkh  include  type  size  coding  and  color  codbrg,  support  perceptual 
lather  than  cognitive  disQintinaUon,  thus  potentially  improving  the  search  process. 

«  Jn^rmaiim  Bounding  Toots,  which  can  be  used  to  visually  separate  chart  elements  by 
encouraging  the  eye  to  slay  witlvin  these  boundaries.  B(^  and  white  spaces  are 
examples  of  infomution  bounding  tools. 

The  first  two  types  of  tools  are  intended  to  help  visual  search  by  supporting  peripheral  vision 
Highlighting  and  coding  both  embody  infomution  usbrg  visual  tools  that  can  be  discriminated 
on  the  basis  of  periphery  visioa  Consequently,  tire  periplreral  vision  system  can  determine 
whether  orivrf  an  information  element  is  likely  to  be  the  target  information  on  the  basis  of 
perceptual  variables.  If  an  elenterU  belongs  to  the  same  category  (one  category  being  hnpor- 
tancei  foveal  vision  can  then  be  applied  to  analyze  detail  information  to  determine  if  the  element 
is,  in  the  target  item. 

There  is  no  haid  and  fast  rule  for  disainfinaUng  between  biformation  higlrllghting  and  infonna¬ 
tion  coding.  Highlighting  is  used  here  to  differentiate  with  respect  to  the  dimaision  of  impor¬ 
tance.  Coding  is  intended  for  use  in  differentiating  category  membership.  However,  many  of  the 
same  visual  te.ils  can  be  used  for  either  purpose  importance  is,  obviously,  one  form  of 

category  membership.  However,  the  distinction  seems  substantial  enough  aird  the  limitations  of 
one  fb^  versus  anoUrer  suffidentiy  clear  to  treat  them  as  two  separate  {4renomena. 

Iirfotmation  bounding  tools  work  in  a  slightly  different  way.  Rather  than  distinguish  on  the  basis 
of  category  membership,  bounding  tools  help  to  prevent  interference  horn  neighboring  items. 
Foveal  vision  tends  to  automatkally  process  whatever  information  it  fitrds,  and  has  great  diffi¬ 
culty  ignoring  information,  even  if  it  is  irrelevant.  If  taere  are  infoniiation  items  close  to  the  item 
being  fixated  oiv  the  visual  systan  wiU  auempt  to  ptooss  those  items  as  well  This  interiereiKe 
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from  ndghboring  but  irrelevant  items  slows  down  the  processing  of  the  fixated  item.  Conse¬ 
quently,  one  way  of  improving  search  performance  is  to  provide  sufficient  separation  between 
dements. 


6.2  INFORMATION  HIGHLIGHTING  TOOLS 

Infoimation  highlighting  can  be  used  in  two  ways.  The  educational  community  has  investigated 
the  value  of  highlighting  as  a  tool  for  differentiating  important  information  (general  principles, 
major  conclusions,  etc)  fr'om  less  important  information  (e.g.  specific  examples).  Highlighting,  in 
this  case,  is  intended  to  help  the  reader  focus  on  the  important  information  so  as  to  ^  retention 
and  support  understanding  of  the  material  presented.  This  use  of  highlighting  will  not  be  ad- 
dressal  here.  The  other  use  of  highlighting  is  to  help  the  chart  user  tod  important  infonnation 
by  manipulating  the  visual  appearance  of  an  item  so  as  to  attract  the  eye  more  rapidly.  This 
approach  would  appear  to  be  of  benefit  to  the  lAP  chart  situation.  Tliis  section  reviews  the 
efrectiveness  of  six  methods  of  highlighting:  brightness,  bolding,  reverse  video,  blinking,  under¬ 
lining,  and  boxing. 

6.2.1  Highlighting  through  Brightness 

One  method  for  highlighting  information  on  electronic  dispbys  is  to  make  the  important  infor¬ 
mation  brighter  than  less  important  Infornwlion.  Galilz  (1989)  feels  tlrat  brightitess  coding  has 
both  a  good  attention-getting  capability  and  is  least  disturbing  to  the  user,  os  compared  to  other 
methods  such  as  reverse  video  and  bliirking.  For  the  1 AP  clvart  setting,  its  biggest  limitation  is 
Urat  the  user  may  not  be  able  to  detect  the  a  Iditioiv'il  brightness  under  high  levels  of  ambient 
illumination.  In  addition,  when  brightness  variations  are  used  under  potentially  poor  viewing 
conditions,  only  two  levels  of  brightness  can  be  used  (Van  Cott  &  Kiirkade,  195^).  Similarly, 
ttfightness  variations  may  not  be  dismmuaable  on  screetas  Uiat  bek  sufficient  contrast 

Brightness  variatloie  also  suffer  from  the  serious  linaitation  tlvat  they  may  be  more  difficult  to 
detect  when  applied  to  small  infumaatlon  elements  tliat  may  bedistributed  tluoughout  the 
screen  (Potash,  1977),as  is  thecase  with  hafonnation  element  on  the  pbn  view  of  the  chart.  One 
possible  approach  for  solving  tlus  problem  Is  to  activate  a  doublestroke  or  increase  the  line 
width  when  tlrat  dement  is  higtilightcxl  (Weidemann,  1992).  Also,  brightness  coding  is  most 
effective  when  infomuUon  elements  are  located  near  each  other,  nuking  comparisons  of  rebtive 
brightness  easier  to  perform. 


Under  good  viewing  conditions,  highlighting  through  brightness  is  both  eheclive 
and  not  annoying  to  (he  user.  However,  its  effeciiveness  is  reduced  under  high 
ambient  iilumination  levels,  on  low  contrast  displays,  and  when  the  highlights 
elements  are  small. 


6diL2  Highlighting  Through  Bolding 

Highlighting  through  bolding  is,  in  a  sei\sc,  tlie  paper  medium  counterpart  of  highlighting 
tluough  brightness.  Like  brightness  higliltghting,  only  two  levels  Qxrldcd  and  non-bolded)  can 


be  iised.  Also,  this  method  is  not  annoying  to  the  user.  Unfortunately,  three  different  studies 
using  bolding  of  names  on  charts  (Bartz,  1970b;  Multer  et  aL,  1991;  Phillips,  Noyes  &  Audley, 
1977)  failed  to  show  that  it  is  effective  as  a  means  for  emphasizing  important  alphanumeric 
infoimation  during  visual  search.  In  each  case,  it  was  concluded  that  bolding  did  not  support 
more  efficient  seai^  but  did  contribute  to  chart  clutter. 


Bolding  of  important  names  does  not  appear  to  improve  perfomiance  and 
should  be  avoided  as  it  may  contribute  to  chart  clutter. 


6iL3  Highlighting  Through  Reverse  Video 

Reverse  video  is  a  common  method  of  highlighting  infomiation  on  personal  computers  (Tullis, 
1988).  However,  there  is  some  evidence  to  suggest  that  reverse  video  may,  in  fact,  hinder  the 
search  process.  Calitz  (1989)  warns  tlrat  overuse  of  reverse  video  can  cause  a  cmssword-puzzle 
effect,  with  "the  haphazard  arrangement  of  fields  on  the  saeen  creating  an  invjge  that  somewhat 
resembles  a  typical  crosswoid  puzzle.  An  arrangement  of  elements  might  be  created  that  tries  to 
lead  the  eye  in  directions  tlvat  the  designer  l\as  not  mtendea"  (p.  95).  Because  reverse  video 
stands  out  so  mdicalty,  great  care  should  be  used  m  decidfag  wliat  elements  to  portray  in  reverse 
video.  Patterns  are  very  apparent  with  tiiis  approach  and  if  reverse  video  is  applied  to  itenrs 
from  different  categories,  Uu>  user  may  iirfer  uiuntcnded  coimnoirality  between  Uiem 

Also,  reverse  video  nray  reduce  legibility  of  the  infonnatioir  being  Wghlighled.  Gomberg  (1985; 
dtod  by  Fislrcr  &  I’an,  1989)  found  tlwt  search  for  itrfomraliotr  in  reverse  wdeo  was  slower  Uvm 
scatch  for  non-higWighted  infonrcition,  a  result  tliat  was  coirfinned  by  hisher  and  Tan  (19S9). 
Because  reverse  video  has  good  attonlion-geUing  cap;\biltty  (Criilz,  19®)),  reverse  video  ircty 
distract  tire  eye  when  searchutg  for  infomvation  tlut  is  imt  lughlighled  but  is  pri^iUcd  on  a 
screen  where  reverse  video  is  used. 


One  study  Uut  did  fuid  improved  perfoniumce  using  rcvcise  videi)  involved  the  use  of  search 
po'foniunce  on  lAPdiarts.  Muiler,  VVanwr,  Uisitrio,  atui  Hu»\tley  (1991)  measured  Ute  Unu? 
taken  to  identify  the  b>U)und  heading  m  fictional  lAPduirts.  Piesenting  Uie  heading  nun>ber  in 
reverse  video  shortened  Uw  Unu?  requirotl  to  identify  the  heading  as  t«mp;nod  to  headings  U«t 
were  presented  in  bold  or  not  luglUighted.  Although  this  study  suggests  Ural  reverse  video  may 
be  an  effective  tool  for  use  hr  lAP  dra its,  some  of  the  subjtvis  (who  were  pilots)  expressed  con¬ 
cern  that  Ure  attention  getting  properties  tirat  made  reverse  video  effective  in  liiis  situation  might 
provedistmeiing  when  searching  for  ait  ilont  Utat  is  not  tuglilighted.  Also,  some  subjects  fell  that 
the  heading  was  itaider  to  read. 


If  reverse  video  Is  used,  it  is  important  to  leave  a  irctrgln  around  the  higWighted  utfotittalion  in 
order  to  avoid  degraded  legibility  trf duraclcis  located  at  the  edge  of  the  reverse  video  field 
(Cfalitz,  19B9).  bi  Edition,  legibility  vdli  be  improved  if  a  larger  type  size  is  ivsed.  combined  wiUr 
a  sans  serif  typeface  that  has  a  heavier  weight. 


Reverse  video  is  an  eHective  means  ol  attracting  the  user's  attention  but  It  can 
reduce  the  legibility  ot  highlighted  information.  In  addition,  it  may  distract  the  eye 
when  the  target  information  is  not  highlighted. 


6^  Highlighting  Through  Blinking 

Probably  ihe  most  effective  method  for  attracting  the  user’s  attention  is  blinking  (Galitz,  1989). 
This  effe^veness,  however,  is  accompanied  by  a  strong  tendency  for  blinking  to  be  distracting.  It 
is  veiy  difficult  for  the  eye  to  look  at  anything  other  than  the  blinking  Information.  Blinking  also 
can  reduce  legibility,  for  the  simple  reason  that  the  highlighted  information  is  displayed  orUy 
momentaniy  before  it  disappears.  Focusing  on  the  blinking  inft  ?,ma  tion  ■  "an  be  difficult,  espe¬ 
cially  for  older  eyes. 

Hivling  the  blinking  information  may  also  be  delayed,  depending  upon  the  length  of  the  off 
(yde  (Fisher  &  Tan,  1989).  Extending  tire  duration  of  the  "on"  cycle  and  reducing  the  "off"  cyde 
can  help  with  this  problem.  Reduced  legibility  can  also  be  avoided  by  us’’'g  a  method  other  than 
completely  turning  the  message  on  and  off.  Tv,'o  such  methods  are  alternating  between  high  and 
low  brightness,  and  alternating  between  normal  and  reverse  video  (Tullis,  1988).  Anotlier  ap¬ 
proach  is  to  use  a  separate  blinking  symbol  that  is  located  next  to  the  message  information  which 
does  not  blink  (Smith  &  Goodwin,  1972). 

Of  all  the  Wghlighting  methods,  blinking  is  the  most  annoying  for  the  user  if  it  is  not  used 
coTTxtly  (Turns,  1988).  Its  use  should  be  limited  to  situations  where  the  highlighted  infoimation 
reflects  a  critical  situation  that  dei  ’  *.inds  an  immediate  response  from  the  user  (Galitz,  1989; 

Smith  &  Mosier,  1986).  Also,  only  one  blinking  rate  should  be  used  (Poole,  1966,  dted  by  Smith  & 
Goodwin,  1 971 ),  and  it  is  critical  tliat  the  user  be  able  to  turn  it  off. 


Highlighting  through  blinking  should  only  be  used  to  inform  the  user  of  a  critical 
situation.  For  this  reesori,  its  use  on  lAP  charts  is  probably  not  appropriate. 


fj  phllghting  Through  Underlining 

Underlining  is  a  common  method  of  highlighting  when  running  text  is  used.  Its  ability  to  attract 
the  eye,  however,  is  limited  and  it  maj  redi  ;ce  legibility  if  the  underline  Is  positioned  too  closely 
to  the  underlined  information  (Galitz,  1939).  Underlining  may  be  effective  as  a  means  of  high¬ 
lighting  a  sm^  amount  of  information  relative  to  other  information  in  a  very  confined  section, 
although  tliis  is  only  speculation  and  has  rsot  been  experimentally  evaluated.  If  underlining  is 
used,  make  sure  that  sufficient  space  separates  U\e  underline  from  the  inforination  being  under¬ 
lined. 


Underlining  is  not  a  strong  attention-getter  but  it  may  have  limited  utility  as  a 
way  of  highlighting  a  small  amount  of  information  that  is  located  with  other 
information  in  a  restricted  space. 


6A6  Highlighting  Through  Box'ng 

Highlighting  through  boxing  means  placing  important  information  witl\in  a  box  In  effect,  this 
becomes  a  form  of  shape  coding  in  that  the  eye  can  differentiate  important  from  less  important 
information  on  the  ba^  of  the  box  sltape.  Boxing  might  he  expected  to  be  a  less  effective  fonn  of 


110 


highlighting  for  two  reasons.  Erst,  studies  on  shape  coding  (e.g.  Williams,  1967)  have  shown  that 
peripheral  vision  is  less  effective  at  differentiating  items  on  the  basis  of  shape  than  other  visual 
manipulations,  such  as  color  and  size.  Also,  the  use  of  a  box  might  hinder  ^e  ability  of  the  eye  to 
use  the  overall  shape  of  the  words  or  numerals  enclosed  in  the  box,  thus  slowing  the  recognition 
process.  This  does  in  fact  happen,  the  severity  depending  upon  the  relative  size  of  the  letters 
within  the  box  (Bridgeman  &  Wade,  1956).  As  the  size  of  the  letters  within  the  box  inaeased, 
letter  recognition  pefformance  decreased. 

One  study  that  did  investigate  the  effectiveness  of  boxing  as  a  tool  for  highlighting  did,  in  fact, 
show  that  performance  wi^  this  method  was  worse  than  no  highlighting  at  all  (Gomberg,  died 
by  Fisher  &  Tan,  1989).  However,  a  study  by  Multer,  Warner,  Disario,  and  Huntley  (1991) 
contradicts  this  nssult.  They  measured  the  time  taken  by  pilots  to  find,  the  inbound  heading  on  an 
lAP  chart  In  one  of  their  conditions,  the  heading  number  was  placed  within  a  box.  Their  results 
showed  that  performance  in  the  boxing  condition  was  superior  to  both  bolding  and  no  highlight¬ 
ing,  and  similar  to  reverse  video.  An  explanation  for  these  disaepant  results  is  not  obvious. 


The  relative  benefits  of  highlighting  through  boxing  are  not  clear.  If  boxing  is 
used,  be  sure  to  use  a  box  that  Is  sufficiently  large  to  support  legibility  of  the 
Information  located  within  the  box. 


This  form  of  boxing  needs  to  be  distinguished  from  other  uses  of  boxes.  Section  6.4  describes  the 
value  of  boxing  as  a  means  of  spedfy  ing  spatial  layout  of  chunks  of  information.  This  is  a  very 
different  use  of  boxitig  whidti  proved  to  be  very  effective  as  a  means  of  defining  infonxiation 

spaces. 

6,2.7  Limitations  of  Highlighting 

Highlighting  offers  the  advantage  of  enabling  tlie  clvirt  user  to  quickly  access  information  that 
has  been  defined  as  important.  Certain  forms  of  higWightfog  increase  the  rate  at  which  high¬ 
lighted  infomration  will  be  found.  The  disadvantage  is  Uiat  it  mn  hinder  the  ability  of  the  user  to 
find  infonnation  that  is  not  higlUighted  (Fisher,  Coury,  Tengs  &  Duffy,  1989).  This  is  a  very  real 
problem  because  the  information  needed  by  Uie  user  will  vaty  depending  upon  the  phase  of 
flight,  the  user’s  personal  infonnation  needs,  and  oUier  factors. 

Also,  highlighting  qifite  simply  does  not  always  work,  a  phenomenon  Esher  and  Tan  (1939) 
refer  to  as  tlie  'Tilghiighting  paradox."  They  suggest  lliat  Irighlighting  works  only  when  users 
notice  the  time  benefits  of  attending  to  the  hig}%hted  information.  Otherwise,  they  n\ay  simply 
ignore  the  highlighting,  In  addition,  they  argue  Uutt  the  best  metitod  for  highlighting  is  to  use 
color,  a  method  that  will  be  discussed  hi  Section  63.  Based  upon  these  findings  they  offer  the 
following  guidance  on  when  to  use  highlighting, 

•  "As  long  as  the  le^Nsl  of  highlighting  validity  (the  exte.^t  to  which  higlUighting  is 
predictive]  is  greater  than  or  equal  to  50%  (that  is,  at  least  half  Uie  time  ^e  target 
infonnation  is  highlighted],  and  as  long  only  one  option  is  highlighted,  petformance 
when  color  is  used  as  tlie  liighllghting  attribute  should  be  at  least  as  good  as  peribr- 
mance  when  none  of  tlie  options  is  iiighlighted"  (p.  23). 
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•  "When  the  levd  of  highlighting  validity  deaeases  below  50%  or  when  the  number  of 
highlighted  options  is  greater  than  one^  highlighting  may  well  be  worse  than  no 
highlighting  in . . .  displays  that  make  it  possible  for  subjects  to  process  more  than  one 
option  in  a  single  fixation"  (p.  28).  It  is  not  dear  whether  highlighting  is  better  than  no 
highlighting  in  these  cases. 

Fbr  these  reasons,  highlighting  should  not  be  used  casually.  Highlighting  will  probably  prove  to 
be  more  effective  when  applied  to  dectronic  media  that  possess  the  capability  to  vary  the  form  of 
information  presentation  in  response  to  user  control.  If  the  display  "knows"  what  information  is 
important  to  the  user,  on  the  basis  of  user  input,  highlighting  may  provide  an  effective  tool  for 
improving  search  effideiKy.  For  paper  charts  and  dectronic  displays  that  do  not  allow  user 
control  ova*  what  information  is  presented,  highlighting  is  probably  not  a  good  choice. 
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Although  highlighting  can  Improve  search  efficiency  for  highlighted  information, 
it  may  reduce  efficiency  for  non-highlighted  information.  When  deciding  whether 
to  use  highlighting,  strong  consideration  must  be  given  to  possible  negative 
consequences  that  can  arise  through  the  use  of  highlighting. 


If  higWIghting  is  used,  it  must  be  used  conservatively  in  order  to  be  effective  (TuUls,  1988).  Also, 
since  its  purpose  is  to  emphasize  important  information,  care  must  be  taken  in  choosing  those 
infonnaUon  dements  that  will  be  higlUighted  since  non>higlUighted  infomiation  wUl  be  more 
difficult  to  find. 


If  the  decision  Is  made  to  use  highlighting,  it  should  be  used  consenratlvely  and 
appropriately,  In  keeping  with  the  information  needs  of  the  user. _ 


63  SNFORMAIION  CODING  TOOLS 

Highlighting  methods  are  intended  to  support  efficient  search  by  using  visual  tools  that  attiact 
the  eye  to  ii^oimation  U^ought  to  be  important.  An  eltenr^itive  approach  is  to  reduce  Uie  number 
of  items  that  must  be  fixated  before  Use  target  element  is  found  by  enabling  peripheral  vision  to 
diffenentiate  items  that  belong  to  the  same  category  as  the  target  in/ortiKation  from  itents  belong¬ 
ing  to  other  categories.  Foveal  vision  can  then  1h?  applied  to  tiiose  dements  posseting  U\e  terget 
visual  cue  until  Uw  target  element  Is  located.  T'  Is  approach  Ims  the  additional  advantage  tirat 
patterns  of  rdationdiips  between  individeml  dements  can  be  d(?tected  as  well.  In  tiiis  way,  tire 
visual  structure  of  the  chart  on  be  cMfied  thmugh  judicious  use  of  todiiig  techniques. 

Secats’se  infotmation  coshsig  adiieves  its  advantage  from  tite  use  of  peripheral  vision,  coding 
methods  must  be  based  m  visual  cues  to  which  peripheral  vision  is  settslUve.  Candidate  codes 
are  color.,  ^ze,  and  slurpe,  £adi  of  tlrese  coding  metliods  is  described  below. 

63.1  ColorCoding 

The  effectiven;  »ss  of  color  coding  has  been  hwestigated  in  a  variety  of  experimental  siluatiotrs 
(see  Christ  197S,and  Davidofi,  1988,  for  reviews).  Aitliough  its  positive  impact  on  perfornm^ 
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has  been  dearly  demonstrated  in  a  number  of  situations,  there  is  still  some  question  as  to  the 
conditions  under  which  color  coding  is  effective.  Color  coding  can  be  used  in  a  variety  of  ways. 
Of  interest  are  three  purposes  for  which  color  coding  might  be  used  in  the  lAP  chart  setting: 

•  Color  coding  and  display  segmentation; 

•  Color  coding  to  siq>port  search; 

•  Color  coding  to  ^)ecify  land  surface  heights. 

COUSRCoOI^ANDDiSPlAYSEGilENTATlON 

A  number  of  cartographers  (e.g.  Robinson  &  Sales,  1969;  Taylor  &  Hopkin,  1975)  have  argued  for 
the  value  of  color  coding  as  a  tool  for  coping  with  the  dutter  problem  on  charts.  For  example, 
Taylor  and  Hopkin  (1975)  suggest  that  the  solution  to  the  clutter  problem  "must  largely  depend 
on  judidous  vise  of  coding  to  reduce  visual  clutter  and  the  apparent  density  of  information,  with 
emphasis  on  features  according  to  their  inter-relatedness  and  operational  importance"  (p.  203).  In 
effect,  it  is  argued  that  color  can  be  used  to  segment  information  elements  in  accordance  with 
shared  category  membership  within  the  organizational  logic  of  the  chart. 

Segmentation  refers  to  the  process,  by  the  visual  system,  of  determining  what  objects  are  pre¬ 
sented,  induding  the  kinds  of  objects  they  are,  and  where  they  are  located.  The  process  of  seg¬ 
mentation  does  not  include  identifying  the  segmented  components.  The  value  of  color  coding  as  a 
tool  for  display  segmentation  depends  upon  whether  the  segmentation  that  results  corresponds 
to  the  segmentation  required  to  perform  the  task.  Luder  and  Barber  (1984)  suggest  that  display 
segmentation  based  on  color  can,  under  some  conditions,  be  performed  by  the  visual  system  by 
means  of  parallel  processing.  In  effect,  the  visual  system  is  able  to  quickly  differentiate  the 
various  elements  all  at  once,  rather  than  having  to  look  at  each  element  in  isobtioa 

Color  segmentation  happetrs  before  processing  of  other  visual  variables,  such  as  shape,  takes 
place.  If  the  segmentation  based  on  color  does  not  correspond  to  the  segmentation  required  by 
the  task,  color  will  serve  as  a  distraction  and  degrade  performance.  It  appears  that  the  visual 
system  Is  unable  to  inhibit  unwanted  processing  of  color  attributes  ever;  if  appropriate. 

An  example  of  this  phenomenon  is  provided  in  a  study  by  Macdonald  and  Cole  (1988).  Subjects 
were  shown  slides  of  horizontal  situation  indicators.  Chi  one  task,  the  color,  cyan,  was  applied  to 
database  waypoints,  untuned  navaids,  and  airpurts.  The  waypoints  coniprLs^  70%  of  the  cyan- 
colored  items.  The  subjects'  task  was  to  count  the  number  of  waypoints  to  determine  if  the 
number  printed  on  the  display  corresponded  to  the  number  they  were  told  to  expect.  In  this 
situation,  color  alone  was  not  enough  to  perform  the  task  accurately  suice  shape  had  to  be  used 
to  distinguish  waypoints  horn  the  untuned  navaids  and  airports. 

Ferfonnance  on  the  colored  display  was  not  superior  to  performance  without  the  use  of  color.  In 
fact  when  complex  displays  were  used,  where  complexity  was  deleimined  by  the  number  of 
different  types  of  information  presented  on  llie  dispby,  perfomiance  in  the  color  condition  was 
significantiy  worse.  Subjects  apparenily  had  difficulty  ignoring  the  color  dimension  and  focusing 
0%  on  shape.  This  study  coj^mis  Davidoff s  (1988)  conclusion  tliat  color  is  effective  for  disirfay 
segmentation  unless  color  causes  an  incorrect  segmentation,  in  vvliich  case  it  may  actually 
d^ade  performance. 
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This  condusion  has  also  been  confinned  in  the  case  of  information  presented  in  tables-  Arbitrary 
coloring  of  the  rows  or  columns  of  a  table  is  distracting  and  inhibits  performance  (Wright  &  Fox, 
1970;  Foster  &  Bruce,  1982),  a  result  which  can  be  expected  since  arbitrary  use  of  color  can  attract 
the  eye  to  non-target  items  (Etevidoff,  1988). 


Use  color  only  If  the  display  segmentation  required  by  each  task  corresponds  to 
the  segmentation  encouraged  by  the  application  of  color. 


6^.1 2  Color  Coomq  and  Visual  Search 

Color  coding  to  support  faster  search  is  probably  the  most  established  advantage  of  color  coding. 
In  his  extensive  review  of  the  literature  on  color  coding,  Christ  (1975)  concludes  that  "[RJedim- 
dant  colors  can  decrease  search  time  for  symbolic  displays  if  the  subject  knows  the  color  of  the 
targets.  This  advantage  of  redundant  colors  increases  as  the  density  of  the  symbols  in  the  display 
inaeases"  (p.  561).  A  niunber  of  studies  have  shown  that  color  coding  helps  to  reduce  the  time 
needed  to  ^d  a  target  item  (e.g.  Bundesen  &  Pedersen,  1983;  Eriksen,  1952, 1953;  Hitt,  1961). 
Color  coding  effectiveness  in  search  tasks  has  also  been  demonstrated  using  maps  (Christner  & 
Kay,  1961;Shontz,Trumm& Williams,  1971).  For  the  lAP  chart  situation,  color  coding  used 
redundantly  with  shape  coding  may  provide  a  way  of  improving  search  performance  for  types 
of  information,  such  as  waypoints  and  navaids,  presented  on  the  plan  section  of  the  chart. 


Color  coding,  used  redundantly  with  another  form  of  coding  such  as  shape, 
Improves  performance  when  the  task  requires  search.  Its  use  may  improve  the 
performance  of  users  searching  for  information  elements  located  in  the  plan 
section  of  the  chart. 


Color  coding  is  assumed  to  work  in  two  ways  in  search  tasks.  First,  it  allows  peripheral  vision  to 
differentiate  same<ategory  from  different-category  items.  In  addition,  under  some  conditions, 
such  as  if  the  colors  us^  are  sufficiently  distinguislrable,  parallel  processing  of  color  can  occur 
(Carter,  1^).  This  result  Is  suggested  by  the  finduig  that  increasing  the  number  of  items  dis¬ 
played  hom  30  to  60  increased  search  Un\e  on  monocliromatic  displays  by  108%,  but  only  17% 
for  color  displays.  Parallel  processing  is  less  likely  to  occur  as  the  sinribrity  of  the  colors  used 
increases,  making  them  harder  to  discriminate  (Carter,  1 982;  Fanner  &  Taylor,  1980).  Color 
differences  must  be  mirch  larger  than  threshold  in  order  to  support  parallel  processing  (Nagy  k 
Sanches^  1990;  Nagy,  Sanchez  &  Hughes,  1990). 


Use  of  colors  that  are  easily  distinguishable  can  support  nearly  parallel 
processing  of  color. 


Several  studies  have  suggested  that  seardi  time  for  color  coded  items  is  a  function  of  the  nuntber 
of  same^lor  items  presented  (Green  &  Anderson,  1956;  C^ahill  &  Carter,  1976;  Sndth,  1962).  This 
condusion  is  based  on  the  finding  of  a  linear  increase  in  time  as  a  function  of  the  number  of  items 
sharing  the  target  color.  Variations  in  the  number  of  itents  in  non-target  colors  has  much  less 
effect  on  seajnchpetfoimance,  the  effect  ratigiirg  from  snraU  to  none  at  all  (Carter,  1979;Catter& 
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Cahill^  1979;  Luder  &  Baiber,  1984).  Davidoff  (1988)  concludes  that  the  impact  of  items  in  non¬ 
target  colors  depends  upon  whether  targets  have  to  be  identified  rather  than  simply  detecting 
th^  presence. 


The  improvement  in  performance  due  to  the  use  of  color  coding  decreases  as 
the  number  of  items  that  share  the  same,  target  color  increases.  Performance  is 
less  affected  by  variations  in  the  number  of  items  with  non-target  colors. 


An  analysis  of  eye  movements  reinforces  the  view  that  the  eye  is  able  to  ignore  items  having 
non-target  colors.  Williams  (1967)  looked  at  patterns  of  fixation  during  s^rch  for  target  two-digit 
numbers.  He  foimd  that  when  target  color  was  precued,  fixations  tended  to  be  located  on  items 
sharing  the  target  color.  Tltere  was  no  tendency  to  look  at  any  other  specific  color,  suggesting 
that  subjects  were  able  to  use  color  effectively.  He  also  found  that  search  time  was  substantially 
faster  for  color  than  for  size  alone,  shape  alone,  or  number  alone 

Visual  search  time  is  also  affected  by  the  number  of  colors  used  on  a  display,  witlr  search  times 
increasing  as  the  number  of  colors  displayed  inaeases  (Bundesen  &  Pederseu,  1983;  Smith,  1962; 
Colull  &c  (Zarter,  1976).  This  reduction  in  performance  appears  to  be  smaller  than  that  which 
occurs  because  of  increases  in  number  of  same^olor  items.  Consequently,  it  may  be  the  case  that 
it  is  better  to  use  more  colors  for  fewer  items  than  fewer  colors  for  more  items.  This  conclusion 
needs  to  be  tested,  however. 


Visual  search  times  increase  as  the  number  of  colors  used  increases. 


In  a  study  aimed  at  identifying  the  number  of  colors  that  should  be  used,  Luxia,  Neri,  and 
Jacobsei^  (1986)  had  subjects  match  a  colored  stimulus  to  one  of  a  set  of  colors  displayed  on  a 
QIT.  They  found  that  reaction  time  increased  Ihrearly  as  the  number  of  colons  us^  increased,  up 
to  a  set  si%  of  five  or  sb<.  As  set  size  increased  beyond  this  size,  reaction  times  continued  to 
incre^  Unearly  but  less  rapidly.  Error  rates,  however,  were  found  to  Increase  sharply  with  set 
sizes  of  eight  to  ten  colors.  Cahill  and  Carter  (1976)  concluded  that  six  is  the  maxinaum  number 
of  colors  should  be  used.  Other  researchers  Irave  argued  tliat  much  larger  numbers  of  colors 

can  be  used  if  the  colons  £ue  sufficiently  separated  itr  color  space  (Smallman  &  Boynton,  1990), 
Potash  recommends  that  eight  or  nine  mo^mally  saturated  colors  be  tire  maximunt  number 
used  if  it  is  assumed  that  the  chart  user  must  remember  wliat  the  colors  mean.  If  the  task  is 
purely  perceptual  discrimination,  a  much  larger  number  of  colors  can  be  *ised.  It  is  unlikely  that 
moit«  than  eight  or  nine  colons  will  be  needed  on  lAl’ charts  if  an  intelligent  color  coding  method 
is  used 


i  Restrict  tite  number  of  colors  used  to  less  than  eight  or  nine  if  the  user  must 
■  remember  what  the  colors  mean. 


The  effectiveness  of  color  is  dependent  on  users  knowing  the  target  c^.  If  they  do  not  know  it, 
perfonnanoe  is  worse  than  wh^  no  color  is  used  ((Zhiist,  1975). 
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If  the  color  is  known  In  advance,  performance  will  improve  with  the  use  of  color. 
If  the  color  Is  not  known,  performance  Is  worse  than  with  no  color. 


Color  also  degrades  performance  when  search  is  for  a  non<olored  item  on  a  display  that  in¬ 
cludes  color.  This  is  one  more  piece  of  evidence  suggesting  that  the  visual  system  is  unable  to 
avoid  processing  color  even  if  it  hinders  performance. 


If  search  for  non-colored  items  Is  required  on  a  display  where  color  Is  used, 
performance  will  be  reduced. 


Color  is  also  effective  when  the  target  item  has  its  own  unique  color.  Macdonald  ajnd  Cole  (1988) 
found  that  searching  for^  and  identifying,  the  active  waypoint  on  a  horizontal  situation  indicator 
was  faster  when  the  waypoint  was  colored  magenta  than  when  no  color  was  used.  This  result  is 
consistent  with  Christ's  conclusion  that  "the  most  clear-cut  finding  is  that  if  the  color  of  a  target  is 
unique  for  that  target,  and  if  that  color  is  known  in  advance,  color  aids  both  identification  and 
searching"  (pp.  106-107). 


Color  coding  of  a  single  item  reduces  the  time  needed  to  locate  that  item. 


Color  coding  has  also  proved  to  be  effective  when  searching  for  names  on  a  map.  Foster  and 
Kirkland  (1971,  cited  by  Phillips,  Noyes  &  Audley,  1977)  used  a  map  where  land  names  were  in 
black  and  water  names  in  blue.  When  subjects  knew  the  color  of  the  name,  search  times  were 
faster  than  in  a  map  where  all  the  names  were  printed  in  black,  but  when  they  did  not  know  the 
color,  the  single  color  map  was  faster. 


Color  coding  can  Improve  search  times  for  names  presented  on  maps  if  the 
user  knows  the  color  to  look  for. 


Cblor  coding  may  not  be  effective  when  the  task  involves  identification  but  not  search.  Identiffca* 
tion  tasks  require  the  subject  to  identify  an  item,  its  condition,  or  value.  This  item  is  always 
located  in  the  san\e  place,  wltich  means  tiuit  no  search  is  required.  Luder  and  Barber's  (1984) 
subjects  were  asked  specific  questioirs  about  the  status  of  a  system  based  upon  displayed  iiffor- 
mation  (e.g.  "Valves  2  and  6  are  dosed" ).  Tltey  found  that  perfom\ance  was  worse  when  status 
was  color  coded  (e.g.  green  for  "open,"  blue  for  "closed,"  red  for  "emergency")  tlian  when  no  color 
was  used.  Shape  cc^g  was  more  effective  Uuin  reduitdant  color  coding. 


Color  coding  may  not  be  effective  and  can  degrade  performance  if  the  task 
requires  identification  but  no  search. 


Even  when  performance  is  not  improved  by  the  use  of  color,  there  is  a  consistent  finding  that 
users  prefer  displays  that  use  color  (Christ,  1975;  TuUis,  1981;  Luder  &  Barber,  1984).  This  prefer¬ 
ence  may  even  affect  the  subject's  confidence  when  time-sluring  between  two  tasks.  Luder  and 
Barber  (1984)  found  that  subjects  perfomring  a  trackhtg  task  and  a  secondary  task  (either  search 
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or  identification)  were  superior  on  the  tracking  task  when  the  secondary  task  used  a  color  coded 
display.  "Evidently,  simple  awareness  that  essential  displays  are  redundantly  color  coded  is 
su^ent  to  make  more  processing  resources  available  to  the  flying  task,  even  at  times  when  the 
operator's  attention  is  not  diverted  away  to  other  displays"  (p.  29). 


Users  like  color  and  it  may  improve  their  performance  in  dual-task  situations. 


6.3.13  Color  OcaoMQ  Land  Surface  Heights 

One  of  the  concerns  often  expressed  about  lAP  charts  is  their  failure  to  adequately  provide 
information  about  terrain  heights  (Cox  &  Conner,  1987;  Friend,  1988).  Whe^er  lAP  charts  should 
provide  terrain  height  information  is  outside  the  scope  of  this  document.  However,  it  may  be 
appropriate  to  briefly  review  some  studies  which  have  looked  at  how  best  to  portray  land 
su^ce  information. 

Color  is  an  effective  tool  for  supporting  figure/ground  discrimination  (Poulton  &  Edwards, 
1977).  In  addition,  it  is  able  to  specify  commonality  between  areas  located  in  diverse  parts  of  a 
display.  For  these  reasons,  color  is  a  potentially  useful  means  of  specifying  terrain  heights 

The  most  conmvon  method  for  conveying  land  surfece  heights  on  topographical  maps  is  by 
means  of  height  contour  lines  (Eley,  1987).  Contour  lines  are  sometimes  supplemented  by  color¬ 
layering,  which  involves  shading  areas  of  a  particular  height  interval  with  a  color  or  tint  (Eley, 
1987).  Colo.r-layering  is  assumed  to  support  more  effective  visuaUzation  of  surface  heights. 
Several  studlies  have  been  performed  by  Plullips  and  his  colleagues  to  assess  this  assuntption. 

Phillips,  DeLuda,  and  Skelton  (1975)  had  16-  to  18-year-old  subjects  perfomi  two  different  types 
of  tasks  using  a  variety  of  types  of  contour  maps.  Tire  tasks  varied  in  two  respects:  whether 
rebtive  or  absolute  height  was  required,  and  the  degree  to  which  bndscapc  visualization  was 
required.  Landscape  visibility  was  assumed  to  be  required  in  order  to  diffenmtiate  "areas  of  high 
ground;  determine  visibility  of  specified  features  from  a  given  viewpoint;  locate  areas  of  steepest 
dope;  match  cross-section  profiles;  match  map  portions  to  relief  models"  (Eley,  1987,  p.  655). 
Types  of  maps  that  were  ukd  included;  pbln  contour  niaps,  hili-studcd  contour  maps,  color- 
byered  contour  maps,  and  digital  spot-height  nraps.  Wlien  rebtive  height  was  sufficient  and 
\Hsuallzation  was  required,  performance  on  Urecolor-byered  imps  was  superior  to  the  other 
types  of  maps  (also  see  Eley,  1987).  However,  judgments  of  absolute  height  using  color-byered 
maps  were  not  as  good,  which  the  authors  suggested  might  be  due  to  difficulty  in  matching  the 
tints  to  the  key. 

Two  important,  general  conclusions  appear  in  tliis  study.  Fust,  Uie  best  mctliod  for  specifying 
terrain  heights  is  dearly  dependent  upon  the  mture  of  the  task.  It  is  not  possible  to  say  that  one 
method  is  always  best  Second,  tlie  dUfereiKies  in  perfomumee  across  Uie  different  maps  is 
substantial  "On  many  of  the  questions  the  difference  between  the  lowest  and  highest  scores 
exceeds  fifty  percent.  In  teal  life  this  means  that  a  map  reader  with  an  approprbte  map  (appro¬ 
priate  for  the  spedfic  task]  may  be  fifty  percent  faster  or  fifty  percent  more  accurate  th^  some¬ 
one  with  an  inappropriate  map"  (Phillips,  DeLuda  &  Skelton,  1975,  p.  45). 
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TTie  superiority  of  c»ntour  maps  over  spot  heights  for  tasks  requiring  only  relative  height  judg¬ 
ments  was  supported  in  a  study  by  Kuchar  and  Hansman  (1991).  Pilots  flew  instrument  ap¬ 
proaches  in  a  flight  simulator  using  an  approach  plate  presented  on  an  electronic  display.  During 
the  approach,  ATC  issued  a  clearance  that  included  a  vector  into  low  terrain.  Recognition  of  the 
terrain  hazard  occurred  more  frequently  with  the  contour  maps  (78%)  than  with  spot  elevation 
maps  (50%).  In  a  survey  conducted  after  the  approaches,  pilots  unanimously  preferred  the 
contour  maps. 

Phillips  (1982)  compared  the  performance  of  13-  to  15-year-old  subjects  on  two  types  of  color- 
layer^  maps,  one  type  which  was  monochromatic  and  used  different  tints,  the  second  which 
used  different  colors.  For  relative  height  judgments,  monochromatic  layering  was  slightly 
superior  to  the  color  maps. 


Color  is  an  effective  tool  for  supporting  map  users'  abilities  to  judge  relative 
heights  and  visualize  the  terrain.  Monochromatic  coding  methods,  however, 
may  be  just  as  effective. _ 


Togeflier,  these  studies  suggest  that  color-layering  improves  the  readability  of  contoiu  maps. 
However,  the  types  of  tasks  evaluated  do  not  necessarily  reflect  the  types  of  uses  a  contour  map 
is  put  to  by  an  lAP  chart  user.  Eley  (1987)  suggests  that  a  fundamental  task  involved  in  using  a 
contour  map  is  comparing  the  map  to  the  viewed  land  surface.  This  task  is  obviously  critical  to 
the  lAP  chart  situation.  A  better  understanding  of  the  types  of  information  needed  by  the  lAP 
chart  user  should  be  obtaiired  before  deciding  how  to  embody  land  surface  height  iiifoimatioa 


A  better  understanding  of  the  lAP  chart  user's  needs  should  be  obtained  before 
choosing  a  method  for  embodying  land  surface  height  information. 


6.3.14  LaiTATKMS  ON  COLOn  COOINQ 

In  deciding  whether  to  use  color,  several  factors  should  be  considered.  Fust  is  the  problem  of 
color  blindness.  Also,  the  lighting  conditions  in  aircraft  at  night  can  affect  the  displayed  color  as 
will  the  use  of  red  lighting  ^ota^,  1977).  Very  low  levels  of  illumination  can  wash  out  certain 
hues  while  red  lightog  can  cause  some  colors  to  disappear  or  make  them  appear  to  be  gray. 
Finally,  the  colors  that  actually  appear  on  the  dispby  can  be  greatly  affected  by  the  method  used 
to  generate  those  colons  (Taylor,  1975,  dted  by  Dudish  &  Goehler,  1988). 

If  the  decision  is  made  to  iLse  color,  many  of  these  problems  can  be  handled  through  careful 
selection  of  colors  and  by  always  using  color  redundantly  with  other  coding  schemes,  such  as 
shape  The  next  section  talks  briefly  a^t  criteria  for  color  selection. 

r"  ' '  . . . . . . .  . . . . . . . 


If  color  is  used,  take  into  consideration  these  problems  of  color  use  when 
selecting  colors  and  always  use  color  redundantly  with  other  coding  schemes, 
such  as  shape. 


6.3.U  Colors  TO  Use 


Currently,  there  is  no  standardization  of  color  meanings  in  the  cartographic  environment  In  fact, 
there  is  very  little  agreement  as  to  which  colors  to  use  as  Table  6-1  demonstrates.  This  table  lists 
two  sets  of  recommended  color  assignments.  The  first  column  presents  tl  ie  standardized  colors 
to  be  used  on  military  topographic  maps,  as  specified  by  the  Army  Field  Manual  21-31  (dted  by 
Potash,  1977).  The  second  column  lists  the  colors  determined  by  Spiker,  Rogers,  and  Qdnelli 
(1986)  to  be  most  appropriate  for  computer-generated  topographic  maps  intended  for  low  level 
and  nap-of-the-eaith  flight.  Qearly,  there  is  little  consistency  between  ^enL 

Aldiough  specific  color  recommendations  cannot  be  made,  it  is  possible  to  provide  some  guid¬ 
ance  on  color  selection.  Because  color  selection  is  a  very  complicated  process,  only  the  more 
important  factors  will  be  addressed. 


Anny 

Spiker  et  al. 

Black 

Cultural  or  manmade 
elements 

Contour  lines 

Blue 

Water 

Open  water 

Green 

Vegetation 

Railway  lines,  obstacles 

Brown 

Relief  features  such  as 
contours 

Red 

Roads,  built  up  areas,  and 
special  features. 

Enemy  point  symbols  and 
tactical  overlay 

White 

Friendly  point  symbols  and 
tactical  overlay 

Yellow 

Cultural  features,  bridges 

Magenta 

Cities,  aeronautical  data 

Pink 

Roads 

Cyan 

Streams 

Aqua 

Forested  terrain 

Grey 

Non-forested  terrain 

Table  6-1 .  fWo  examples  of  recommended  colots  for  topographic  maps. 
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Colorblindness  in  males  is  a  serious  concern  that  must  be  considered  in  selecting  colors.  Table  6- 
2  lists  nine  colors  that  Van  Cott  and  Kinkade  (1972)  suggest  can  be  recognized  by  both  color- 
sighted  and  color-blind  people. 


Red 

Gray 

Orange 

Buff 

Yellow 

White 

Blue 

Black 

Purple 

Table  6-2.  Colors  that  can  be  used  by  color-blind  users 
(from  Van  Cott  &  Kinkade,  1972). 


The  issue  of  red  light  in  the  codcpit  is  a  second  important  concern.  Its  impact  on  color  selection  in 
the  past  is  describe  by  Taylor  ai^  Hopkin  (1975).  'Ivlap  colors  have  been  restricted  to  the  short 
wavel^gths  (purples,  blues  and  greens)  and  to  colors  with  large  grey /black  components.  These 
do  not  disappear  against  white  backgrounds  m^der  red  light,  as  do  reds,  oranges  and  yellows, 
but  appear  as  shades  of  grey  as  the  map  assumes  a  monochromatic  appearance"  (p.  202).  Clearly, 
color  sdection  is  heavily  restricted  by  ^e  need  to  comider  red  light  use.  Taylor  and  Hopkin 
argue,  however,  that  red  light  use  is  rapidly  din\inisl\ing  and  should  not  influence  color  selection 
for  charts. 

G)!or  selection  is  also  hindered  by  interactions  between  colors.  Perceived  color  is  affected  by 
brightness;  a  gray  area  positioned  on  a  dark  background  appears  lighter  than  the  same  gray  area 
on  a  light  background  Potash,  1977).  Complementary  or  near  complementary  colors  locat^ 
near  each  other  enhance  the  perceived  intensity  of  both  colors.  Very  snrall  areas  of  color  suffer  a 
loss  of  brightness  and  saturation  while  opposite  effects  occtrc  wiU\  large  areas.  For  example, 
coitus  with  a  similar  hue,  such  as  blue  and  green,  may  be  indistlngui^ble  (Wood,  1968).  'Hus 
can  also  occur  under  high  ambient  light  levels  (ARP  4032). 

Overiaying  colors  may  alter  the  hue  of  the  orighral  colors.  For  example,  using  layer  tints  on  top  of 
shaded  relief  can  cause  both  colors  to  appear  ^ker  titan  if  eadt  color  were  presetted  against  a 
white  hadground  CPbtash, 

Fmally,  it  is  important  to  consider  possible  differences  in  apparent  line  width  and  brightness  that 
can  occur  when  color  is  appllM,  Adjustments  ntay  have  to  ^  ntade  to  compensate  for  certain 
GOloisappearing  brighter  or  produditg  a  wider  Ime. 


When  selecting  colors,  take  into  account  the  range  of  ambient  illumination 
levels  that  wilt  occur,  the  Umllations  of  the  system  used  to  generate  the  colors, 
the  sizes  of  the  areas  to  whidi  the  colors  will  be  applied,  and  unexpecter^ 
effects  due  to  presenting  combinations  of  colors. 


tip 


Several  studies  have  evaluated  the  effect  of  color  on  legibility  of  text  Table  6*3  shows  the  color 
combinations  recommended  by  Bruce  and  Foster  (1982).  The  first  column  lists  the  color  used  for 
presenting  the  text.  The  second  and  third  columns  list  background  colors  that  can  be  used  with 
the  text  color  listed  in  first  column  or  should  be  avoided  as  a  background  color.  Colors  in 

parentheses  are  less  desirable  choices.  Pastoor  (1990)  takes  a  very  different  approach.  He  con¬ 
cludes  that  "any  desatuiated  color  combination  appears  to  be  satisfactoiy  for  text  presentation" 
(p.  157).  Travis,  Bowles,  Seton,  and  Peppe  (1990)  concur  with  Pastoor,  adding  the  caveat  that  the 
<^or  combination  must  maintain  a  liuninance  contrast  modulation  of  50%. 


Character  Color 

Colors  to  Avoid 

Colors  to  Use 

White 

Yellow 

Magenta,  red.  green,  blue 

Yellow 

White,  cyan 

Blue,  (red),  (magenta) 

Cyan 

Green,  yellow 

Blue,  (white),  red 

Green 

Cyan,  blue 

Yellow,  white,  (red),  (magenta) 

Magenta 

Red 

Blue,  white,  (cyan),  (green) 

Red 

Magenta 

White,  yellow,  cyan,  green 

Blue 

White,  (yellow),  (cyan),  (green) 

Table  6-3.  Bruce  and  Foster's  (1 982)  recommendations  on  text/background 

color  combinations. 


Colored  text  legibility  can  also  be  improved  through  tlie  use  of  a  method  called  Moing  (Weide* 
mann,  1992).  CXitlining  colored  text  wlUi  black  helps  the  text  to  better  stand  out  and  intprove 
readability. 

ARP  4«J2  recommends  six  colors  for  use  in  tlie  cockpit  environment:  wliite,  red,  green,  yellow 
(or  amber),  magenta  (or  purple),  and  cyan  (or  aqiur).  Black,  gray,  brown,  and  blue  are  recom¬ 
mended  as  background  colors.  Also  recommeirded  is  the  use  of  rexi  and  yellow  (or  amber)  only 
as  warning  or  caution  signals. 


Choice  of  a  color  coding  scheme  should  also  take  into  account  the  color  schemes  used  by  other 
displays  br  advanced  automation  cockpits,  such  os  the  hortrontal  situation  indicator.  Table  6-4 
lists  two  color  codbrg  schemes  recommended  in  Ad  visory  Circubr  25-11.  TTrese  color  recomnren- 
dalions  arc  based  upon  two  coding  methods  currently  used  In  airline  displays.  The  advantage  of 
following  one  of  tlrese  methods  is  twofold:  Consisteircy  will  help  the  user  learn  and  rememkr 
thescher^and  will  help  to  prevent  confusion  wliencompaiing  infornution  across  displays. 
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Warnings 

Red 

Flight  envelope  and  system  limits 

Red 

Cautions,  abnormal  sources 

Amber/Yellow 

Eartii 

Tan/Brown 

Scales  and  associated  Hgures 

White 

Engaged  modes 

Green 

Si^ 

Cyan/Blue 

Its  deviation  pointer 

Magenta 

Flight  director  bar 

Magenta/Green 

Color  Set  1 

Color  Set  2 

Fixed  reference  symbols 

White 

Yellow* 

Current  data,  values 

White 

Green 

Armed  modes 

White 

Cyan 

Selected  data,  values 

Green 

Cyan 

Selected  heading 

Magenta** 

Cyan 

Active  route/fl^ht  plan 

Magenta 

White 

*  The  extensive  use  of  the  color  yellow  for  other  than  caution/abnormal  information  is 
discouraged"  (AC  25-1 1 , 1 987,  p.  1 1 ). 

**  "tn  color  set  1 .  magenta  Is  intended  to  be  associated  with  those  analog  parameters  that 
constitute  liy  to'  or  1<eep  centered'  type  of  information  (AC  25-1 1 , 1987,  p.  1 1). 

Precipitation  and  turbulence  color  codes: 

Pieci.  alion  0-1  mm/hr  Black 

1-4  mm/hr  Green 

4  “12  mm/hr  Ambsf/Yellow 

12“S0mm4ir  Red 

Above  SO  mm/hf  Magenta 

Turbulence  White  or  Magenta 

Background  color  Background  color  may  be  used  to  enhance  display 

(gray  or  other  shade)  presentation 


Table  64.  /Ufvisory  Circular  25-1 1  color  coding  schemes. 


Any  cdkrr  coding  sdietneshoUld  be  evaluated  to  assess  the  potential  (or<xMision  or  misuiider- 
^anjUitg  due  to  inconsistency  with  existing  (xrlor  coding  sdien^ 


Use  a  color  coding  scheme  that  is  consistent  with  other  displays  in  the  cockpit 
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&32  Size  Coding 


A  second  approach  for  coding  category  membership  is  by  means  of  size.  Using  a  search  task, 
Williams  (1967)  varied  the  size  of  symbols  h'om  approximately  0.8  degrees  to  Z8  degrees  in 
visual  extent  Size  was  more  effective  than  shape  but  less  effective  than  color.  He  also  found  that 
size  coding  was  most  effective  for  the  largest  targets.  Eye  movement  patterns  showed  that  there 
was  a  tendency  to  look  at  targets  that  were  similar  to  the  target  size,  suggesting  that  peripheral 
vision  was  able  to  discriminate  on  the  basis  of  size,  at  least  to  some  extent. 

Size  coding  has  been  ^own  to  be  especially  effective  as  a  tool  for  coding  hierarchical  differences 
in  names.  Bartz  (1970)  found  that  search  was  faster  when  the  subject  knew  ...  Ize  of  the  target 
on  maps  using  a  number  of  sizes.  If  the  size  of  the  target  was  not  known,  the  single  size  map 
produ^  faster  performance.  Shortiidge  (1979)  investigated  differences  in  letter  sizes  that 
should  be  used  to  ensure  that  the  user  can  easily  distinguish  size  categories.  She  found  that  a  size 
difference  of  34%  or  greater  between  two  letter  sizes  resulted  in  at  least  85%  correct  performance. 
Ten  point  type  is  approximately  34%  larger  than  7.5  point  type.  Size  differences  of  17  to  22 
percent  are  only  partially  discriminable  while  size  differences  of  less  than  15%  (e.g.  7.5  point 
versus  85  point)  were  not  distinguishable.  She  concluded  that  'The  cartographer  may  safely  use 
any  combination  of  sizes  that  represents  a  2  to  2.5  point  size  difference  or  approximately  a  .020 
in^  increment  when  working  within  the  range  of  sizes  used  in  this  experiment  (5.5  point  to  15 
point  lettering  or  .041  to  .131  inch  in  capital  letter  height).  Tl\e  larger  differences  are  especially 
important  when  names  are  placed  over  textured  backgrounds  (e.g.  the  dot  patterns  representing 
bo^es  of  water)"  (p.  20X 


633  Shape  Coding 


When  compared  vdth  color  and  size  coding,  shape  coding  is  the  least  effecti  ve  (e.g.  Williams, 
1967).  However,  in  the  lAP  chart  situation,  slope  coding  is  still  necessary  and  shmild  always  be 
used  redundantly  if  other  coding  methods  ore  employed. 


Shape  is  a  necessary  coding  method  in  the  lAF  chart  situation  and  shouid 
always  be  used  redundantly  if  other  coding  methods  are  employed.  \ 


This  prin  applies  even  though  there  is  conflicting  evidence  as  to  the  value  of  redundant 

coding.  Some  reskucheis  (e.g.  Edksen,  1953;  De  Brailes,  cited  by  Forrest  &  C^tner,  19^)  have 
found  that  redundant  codhig  improves  search  perfomrance.  Based  upon  these  stupes,  Koblnson 
and  Sales  (1969)  conclude  that  The  visual  variables  are  additive  in  that  if  two  marks  are  varied 
in  two  ways  (eg.,  in  both  shape  and  size),  the  contrast  between  them  will  be  greater  than  if  only 
one  variable  had  been  modulated.  Variation  of  only  one  variable  may  be  suffldent  to  achieve  the 
needed  contrast  if  the  mark  is  simple,  but  the  more  complex  the  mark,  the  larger  the  number  of 
elements  that  must  be  varied  to  obtain  contrast"  Otobinson  &.  Sales,  1%9,  p.  285X 

Other  mseaithas,  however,  conclude  that  the  user  will  attend  to  only  one  dimerrsion.  "When 
multiple  information  about  a  target  is  known,  one  stimulus  dimension  is  generally  used,  with  the 
imaining  infomution  being  discarded  during  acquisition"  (Willianrs,  l97l,  p.  33).  The  relative 
merits  of  leduruiancy  remttins  on  open  issue,  tire  exception  being  that  shape  coding  should 
always  be  used  iricombiitation  with  color  coding. 
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64  INFORMATION  BOUNDING  TOOLS 


bifonnation  highlighting  and  inforawtion  coding  share  the  objective  of  redijcmg  the  number  of 
items  that  must  be  fixated  before  the  target  information  is  located.  Information  bounding  tools 
offer  a  different  approach  to  supporting  peripheral  vision  by  using  graphic  tools  to  guide  the 
eye's  movement  through  .space.  These  tools  can  be  used  in  an  almost  infinite  number  of  ways, 
llfis  section  looks  at  methtxis  rdating  to  three  objectives: 

•  Reducing  the  amount  of  space  to  be  searched; 

*  Information  bounding  and  the  use  of  colmnns; 

♦  Reducing  inter-item  interference. 

64.1  Reducing  the  Amount  of  Space  To  Be  Searched 

RixJing  a  specific  information  element,  suclr  as  a  irame,  can  be  a  time-coirsuming  process. 
Phillips,  Noyes,  and  Audley  (1978;  also  see  Phillips  &  Noyes,  197/)  suggest  that  one  way  of 
reducing  search  time  for  names  is  to  restrict  the  amount  of  space  that  must  be  searched.  For 
example,  the  size  of  the  grid  system  used  on  street  maps  is  a  critical  fector  in  that  the  larger  the 
section,  the  greater  the  candidate  space  in  which  a  street  name  is  located.  Search  can  be  greatly 
improved  by  providing  a  system  tlat  allows  the  chart  user  to  quickly  find  the  target  space, 
which  should  be  sufficiently  small  to  require  search  of  only  a  few  potential  targets. 

It  Is  not  the  amount  of  space  that  must  be  searched  which  slows  the  process,  but,  rather,  the 
number  of  items  that  could  potentiafiy  be  the  target  (e.g.  Lloyd,  1988).  "First,  the  dominant  effect 
on  search  time  is  the  number  of  elements  to  be  searched.  It  matters  relativdy  little  if  the  elements 
are  closely  spaced,  requiring  little  scanning,  or  are  widely  dispersed.  The  increased  scanning  that 
is  required  with  wide  dispersal  does  increase  search  time  slightly.  However,  the  high  density  of 
nontarget  elements  when  the  items  are  closely  spaced  also  has  a  small  retarding  influence  on 
search.  Thus  the  two  factors,  scanning  and  visual  clutter,  essentially  trade  off  with  each  other  as 
target  dispersion  is  varied"  (Wickens,  1984,  cited  by  Lloyd,  1988,  pp.  370, 372). 

The  user  needs  support  in  identifying  that  part  of  the  chart  likely  to  contain  the  target  item, 
especially  if  the  user  is  dealing  with  an  unfamiliar  geograplucal  location.  A  simple  organizational 
structure  that  helps  the  user  to  orient  and  develop  expectations  as  to  where  chart  information 
elements  are  located  in  actual  geographical  space  could  contribute  considerably  to  improving  the 
search  process.  This  structure  must  then  be  complemented  by  controlling  the  density  of  synrbols 
in  any  one  part  of  the  chart  (Phillips  &  Noyes,  1 982). 


Providing  an  organizaiional  structure  to  help  the  chart  user  orient,  combined 
with  control  over  the  density  of  symbols  in  any  one  part  of  the  chart  wiil 
contribute  to  efficient  visuai  search. 


6.4^  Information  Bounding  and  the  Use  of  Columns 


A  large  proportion  of  the  guidance  information  in  this  Handbook  has  addressed  the  question  of 
how  to  support  visual  search  through  the  plan  section  of  the  chart.  The  topographic  format  is 
oidy  one  of  a  variety  of  formats  used  on  a  chart  (see  Section  5.2).  Search  for  alphwumeric  mfor- 
mation  in  non-topographical  layouts  is  just  as  common. 

Searching  for  one  particular  text  element  positioned  within  a  cluster  of  elements  can  be  a  time- 
consuming  process  which  is  also  prone  to  etror.  A  number  of  studies  have  been  performed  using 
the  types  of  screens  likely  to  be  found  in  the  office  environment  (see  TuUis,  1988,  for  a  review). 
The  outcome  of  many  of  these  studies  suggests  that  columns  are  a  very  effective  tool  for  reduc¬ 
ing  screen  complexity  and  clutter.  This  section  describes  the  application  of  columns  to  lAP 
charts. 

Pulat  and  Nwankwo  (1987)  investigated  the  complexity  of  screens  for  displaying  database 
records.  They  found  that  the  time  required  by  subjects  to  copy  a  database  record  from  the  saeen 
onto  a  piece  of  paper,  not  surprisingly,  depended  upon  the  complexity  of  the  record  layout.  Of 
interest,  though,  was  their  finding  that  complexity  was  a  function  of  the  extent  to  which  the 
layout  deviated  from  a  column  arrangement.  Tullis  (1981 )  also  showed  that  the  column  arrange¬ 
ment  improved  performance,  as  measured  by  rate  of  data  entry. 

The  benefits  of  columns  arise  from  their  simplicity  and  the  predictability  of  space  layout  they 
offer.  This  benefit  apparently  is  greatest  for  vertical  fomtats.  Parkinson,  Sisson,  and  Snowberry 
(1985)  foimd  that  search  tinws  were  fastest  for  words  arranged  in  columi«  rather  than  rows, 
even  though  adjacent  columns  had  more  space  between  them  titan  the  rows.  Apparently,  the  eye 
is  better  able  to  scan  vertically  than  laterally. 


Search  performance  appears  to  be  faster  for  items  arranged  in  columns  rather 
than  rows. 


These  findings  are  consistent  vrith  the  results  of  a  study  ty  Muller,  Warner,  Disarlo,  and  Hunti^ 
(1991)  wWch  looked  at  search  times  for  radio  frequencies.  Ihree  layouts  tliat  were  used  re¬ 
sembled  charts  produced  by  NOAA,  Jeppesen  Sanderson,  Inc.,  and  the  Cairadlan  Department  of 
Energy,  Mines  and  Resources.  Hie  fourth  layout  presented  the  radio  frequencies  in  a  two- 
column  layout.  Parts  of  these  layouts  are  shown  hi  Figure  6-1 .  The  twcKolumn  layout  produced 
foster  searches  than  the  NOS  and  Jeppesen  clvntts  but  comparable  performance  to  the  Canadbn 
byout.  EspedaUy  interesting  is  the  superiority  of  the  column  format  over  the  Jeppesen  layout. 
The  only  difference  between  the  two  is  Ute  strong  vertical  boundary  provided  by  placing  the 
radio  frequencies  in  their  own  column.  Apparently,  the  eye  is  able  to  use  the  boundary  provided 
by  consistent  left  justification  of  the  frequencies  to  great  effect,  even  thougli  tlie  distance  between 
radio  fiequency  nameand  the  foequeni7  itself  lias  iru:reased. 

There  is  also  evidence  to  suggest  tliat  the  size  of  the  oalumns  used  affects  search  performance. 
Tullis  (1984,  cited  by  TuUis,  1988)  found  tliat  the  time  needed  to  find  a  target  item  was  deter¬ 
mined  by  two  foctois,  tlie  number  of  groups  of  cliaracters  tliat  liad  to  be  searched  and  the  size  of 
the  group.  Search  time  increased  as  the  number  of  groups  increased  and  also  as  Ute  number  of 
items  per  group  increased.  In  addition,  the  opUmal  size  of  Uie  group  appears  to  be  no  larger  than 


12S 


JSLIPAPPCON 

ISLIP  APP  CON  120.5  367.2 

120.5  367.2 

ISLIP  TOWER  119.3  233.2 

ISLIP  TOWER 

GNDCON  121.7 

119.3  233.2 

CLNCDEL  121.85 

GNDCX3N 

ATIS  128.45 

121.7 

RADIO  122.6 

CLNCOa 

121.85 

ATIS 

128.45 

RADIO 

122.6 

CTAF 

119.3 

CTAF  119.3 

(a)  NOS  layout 

(b)  Jeppesen  layout. 

ISLIP  APP  CON 

ISLIP  TOWER 

GNDCON 

CLNC  DEL 

ATIS 

RADIO 

CTAF 

120.5  367.2 

119.3  233.2 

121.7 

121.85 

128.45 

122.6 

119.3 

(c)  Canadicji  Department  of  Energy.  Mines  and  Resources  layout 


ISLIP  APP  CON 

120.5  367.2 

ISLIP  TOWER 

119.3  233.2 

GNDCON 

121.7 

CLNC  Da 

121.85 

ATIS 

120.45 

RADIO 

122.6 

CTAF 

119.3 

(d)  ^/yter.  Warner,  Disario  and  Huntley  layout 
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five  degrees.  "These  results  indicate  that  some  aspect  of  the  user's  processing  of  the  saeen 
changes  when  the  average  size  of  the  groups  gets  larger  than  5  degrees.  It  appears  that  a  screen 
with  groups  no  larger  than  5  degrees  can  be  scanned  more  efficiently  than  one  with  larger 
groups"  CTuUiS/ 1988,  p.  389).  The  five-degree  figure  appears  to  define  the  size  of  a  group  that  can 
be  fi)Qted  as  a  whole,  without  the  need  for  scaiming.  C^e  the  group  size  surpasses  the  five- 
degree  figure,  multiple  fixations  are  required,  and  visual  search  time  increases  accordingly. 


Column  sizes  of  five  degrees  or  less  appear  to  support  the  most  effective 
search. 


The  Multer  et  aL  (1991)  study  is  interesting  in  that  it  demonstrated  similar  search  periomumce 
when  information  was  presented  in  columirs  as  in  separate  boxes.  It  would  appear  that  the  use  of 
white  space  to  dearly  separate  individual  information  elements  or  element  dusters  is  the  com¬ 
mon  factor.  Hus  hypothesis  is  supported  by  studies  which  liave  shown  that  the  use  of  graphic 
lines  for  defiiung  iitiormation  spaces  does  not  impact  performance.  For  example,  Thacter  and 
Babu  (1988)  compared  search  times  for  items  located  in  tables  that  differed  oitiy  as  to  whether 
graphic  lines  separated  the  rows.  No  difference  in  performance  occurred.  Whether  this  finding 
hol^  up  when  the  table  is  positioned  within  a  very  dense  background,  such  as  on  an  lAP  chart, 
is  imknown.  CorrsequenUy,  it  seems  premature  to  discard  the  graphic  lines. 


Graphic  boundaries  don't  appear  to  affect  performance  either  positively  or 
negatively.  It  may  be  premature  to  discard  the  graphic  lines,  however. 


A  familiar  form  of  a  column  arrangement  is  the  table.  Tables  are  used  on  current  NOS  charts  and 
the  question  arises  as  to  how  information  bounding  tools  might  be  used  to  support  more  efficient 
access  to  the  information  stored  in  a  table.  Emurian  and  Seborg  (1990)  measured  the  time  taken 
for  subjects  to  detect  a  tai^get  located  witlUn  a  table.  Sbc  types  of  tables  were  used.  Two  of  the 
tables  varied  the  spacing  between  the  columns,  two  varied  the  spacing  between  rows,  and  the 
fit\al  two  looked  at  spacing  variations  for  diagonal  tables.  Hieir  results  clearly  showed  that  tight 
spacing  ]nxxluced  tiw  best  perfoimance,  except  for  the  diagonal  tables.  This  result  is  interesting 
b^use  it  contradicts  the  assumption  that  tightly  padced  tables  nught  suffer  (mm  interference 
due  to  neighboring  items. 


it  would  appear  that  search  for  Information  stored  In  tables  Is  not  aided  by 
increasing  the  spadng  between  table  elements. 


6.43  Reducing  litter<ttem  Interference 

One  of  the  more  important  uses  of  white  space  is  as  a  meaivs  of  reducing  interference  between 
neighboring  information  elements.  When  fixating  an  itenr,  the  visual  system  will  automatically 
process  neighboring  information  as  well.  This  process  lias  two  consequences.  Fust,  studies  have 
shown  that  heavy  processing  demands  in  the  foveal  part  of  the  visual  field  reduce  the  extent  of 
peripheral  vision  available  (Erickson,  1964;  Mackworth,  1965;  Williams,  1982).  This  means  that 
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peripheral  vision  will  play  less  of  a  role  in  helping  to  guide  foveal  vision  aivl  search  will  be  less 
guided,  leading  potentially  to  unnecessary  fixations. 

hr  addition,  autonratic  processing  of  neighboring  items  slows  the  processing  of  the  target  item. 
Dobson  (1980a,  b)  perfonned  two  studies  which  showed  that  information  that  is  visually  similar 
to  the  target  information,  even  though  it  is  known  to  be  irrelevant  to  the  task,  impacts  the  speed 
and  accuracy  of  perfbrmaiKe,  when  it  is  located  either  vertically  or  horizontally  with  respect  to 
the  target  information.  A  nurnber  of  other  studies  (e.g.  Eriksen  &  Eriksen,  1974;  Harms  &  Bun- 
desen,  1983)  provided  similar  results.  Eriksen  and  Hofftnan  (1972)  argue  that  increased  proxim¬ 
ity  of  irrelevant  information  to  target  irrformation  requires  more  precise  focusing,  thus  increasing 
the  eh^ort  that  must  be  expended  by  the  visual  system.  The  severity  of  the  performance  degrada¬ 
tion  appears  to  decrease  as  the  distarKe  between  target  arui  neightoring  items  increases  (K^e- 
man  &  Qtajczyk,  1983X 

A  study  of  label  search  on  maps,  by  Noyes  (1980),  confirms  these  results.  Irrelevant  names, 
located  either  vertically  or  horizontally  dose  to  the  target  irame,  inhibited  search  perfotmarKe. 
This  was  especially  the  case  when  the  target  name  was  horizontally  located  but  dose  to  a  vertical 
name  sharing  the  same  first  letter. 

Place  names  In  an  open  area,  away  from  all  other  names.  This  Is  especially 
important  when  the  names  share  the  same  first  letter. 

Interference  can  also  occur  between  the  label  and  its  symbol.  Phillips,  Noyes,  and  Audley  (1978) 
found  that  aligning  the  label  either  horizontally  or  vertically  reduced  the  label's  legibility.  'These 
results  suggest  that  labels  should  be  positioned  slightly  above  or  below,  or  to  the  left  or  right  of, 
thesymbol  rather  than  along  the  same  horizontal  or  vertical  axis. 

Position  labels  either  slightly  above  or  slightly  below,  or  to  the  left  or  right  of. 
their  corresponding  symbols  so  as  to  avoid  placing  the  label  along  the  same 
horizontal  or  vertical  axis  as  its  symbol. 

Also,  make  sure  that  the  amount  of  spacing  is  appropriate  for  the  size  of  the  label  and  S)mbol, 
including  ascenders  and  descenders  if  a  vertical  orientation  is  used. 

The  amount  of  space  between  the  symbol  and  the  label  depends  upon  file 
sizes  of  the  type  and  symbol.  The  larger  fiie  type  and  symbol,  the  greater  the 
distance  that  should  be  used  between  them. 


6.4J5  Information  Density  Measures 

Information  bounding  fools  are  intended  to  help  reduce  the  density  of  information  presented  in  a 
given  locatioa  TuUis  (1983;  also  see  Sarin  it  Ram,  1988)  argues  tlrat  two  types  of  density  must  be 
considered:  ([hrerall  den^ty,  which  measures  the  percentage  of  cliaracter  spaces  used  on  a 
screen,  and  local  density,  the  number  of  character  spaces  filled  near  each  character.  A  variety  of 
secommendatlons  as  to  upper  limits  on  overall  information  density  have  been  suggested,  rang- 


ing  from  15%  to  as  high  as  60%  (TuUis,  1988).  The  value  of  these  estimates  is  not  dear.  For  ex¬ 
ample,  in  a  study  of  saeen  density  for  instructional  software,  Morrison  et  aL  (1989)  found  that 
subjects  preferr^  high  density  saeens  because  these  saeens  provided  the  information  necessary 
to  understand  the  ideas  being  presented.  It  is  very  likely  that  a  similar  phenomenon  will  be 
found  with  lAP  charts  in  that  users  may  prefer  to  cope  with  one  very  dense  page  or  saeen, 
rather  than  multiple  pages  or  saeens.  Consequently,  the  value  of  information  density  measures 
must  be  question^,  at  least  until  they  are  able  U)  take  into  accormt  such  factors  as  coherence  of 
information  presented. 

Local  den^  measures  have  suffered  from  their  own  set  of  problems.  The  study  by  Emurian 
and  Seborg  (1990),  which  demonstrated  that  search  was  faster  for  the  denser  tables  contradicts 
what  might  be  expected  based  upon  local  derrsity  measures.  In  fact,  there  is  some  evidence  that 
local  density  ixray  follow  a  U-shaped  function  CTuUis,  1983),  but  it  remams  for  these  functions  to 
be  clearly  specified.  Until  a  better  tmderstanding  of  user  performance  is  obtained,  density  mea¬ 
sures  are  likely  to  be  of  little  use.  It  may  be  more  effective  to  rely  on  such  qualitative  characteris¬ 
tics  as  grouping  (the  use  of  well-defin^  perceptual/conceptual  groups)  and  layout  complexity 
(the  use  of  predictable  visual  structures)  (TuUis,  1983). 


&5  SUMMARY 

(Chapter  5  provided  guidance  on  how  to  ensure  that  each  irrformation  element  presented  on  a 
chart  was  sufficiently  legible.  In  effect,  the  main  objective  was  to  emphasize  the  distinctiveness 
atrd  disaiminabillty  of  each  element.  The  current  chapter  suggested  methods  for  emphasizing 
relationships  between  elements,  by  means  of  such  processes  as  similarity  and  grouping.  Together, 
these  chapters  describe  how  to  achieve  tlte  joint  goals  of  element  separabiUty  and  interrebted* 
ness  that  were  irutbUy  described  in  Chapter  5. 

Chapters  5  through  7  provide  enouglr  information  to  develop  a  complete  1 AP  chart.  Chapter  8 
offers  some  took  for  evaluating  the  overaU  effectiveness  of  the  resulting  chart.  Once  the  indi¬ 
vidual  elements  have  been  designed  and  positioned,  a  final  look  at  the  diart  will  ensure  that  all 
of  the  elements  work  blether  to  pr  ovide  a  coherent,  integrated  drart 


7.  EVALUATING  THE  USE 
OF  THE  DESIGN  TOOLS 


7.1  OVERVIEW  OF  CHAPTER  7 

Qiapters4  through  6  reviewed  a  variety  of  tools  that  may  be  of  value  in  designing  lAP  charts, 
'ilte  review  began  by  looking  at  tools  for  oiganizing  the  overall  visual  structure  of  the  chart  Two 
dtapteis  then  followed  that  addr^sed  the  specifics  of  designing  individual  information  ele> 
znents,  such  as  alphanumeric  characters  and  symbols.  This  chapter,  in  a  sense,  completes  the 
drde  by  returning  to  the  chart  as  a  whole  Ihe  tools  described  in  this  chapter  are  b^g  treated  in 
a  slighdy  different  way,  however. 

The  prindples  that  have  been  described  in  the  previous  chapters  reflect  a  combinatioii  of  re* 
seardv-bas^  recommendations  and  good  graphic  design  practice.  Usb\g  these  principles  to  their 
best  advantage  should  result  in  a  cha^  that  is,  at  the  very  least,  usable  (and  hopefully  more  than 
that).  There  are,  however,  obvious  limitations  as  to  how  much  Hexibility  is  av^ble  to  the  chart 
designer  in  utilizing  these  recommendations.  lAP  charts  are  subject  to  a  number  of  constraints, 
including  limitations  of  space  and  requirements  for  accurate  portrayal  of  geographic  informa- 
tioiL 

This  dhapter  reviews  several  important  design  objectives  that  pertain  to  all  types  of  designed 
nviteriak  However,  these  objectives  are  treated  here  in  a  slightly  different  manner.  Because  the 
chart  designer  has  so  many  objectives  to  consider,  suggesting  additional  ones  only  serves  to 
compUate  matters.  Consequently,  the  recommendations  presented  in  this  chapter  are  suggested 
as  evaluative  prindples  that  should  be  used  for  final  "tink^g"  with  the  design  rather  than  as 
initial  design  objectives. 

These  evaluative  prindples  <  eftect  requirements  for  the  appearance  of  the  clrart  as  a  whole,  the 
need  to  present  a  duurt  witli  all  of  the  information  elements  working  toget)\er  to  provide  a 
coherent  structure  reflective  of  the  organizational  logic  of  the  chart.  TItis  need  for  unity  between 
elements  is  complicated  by  the  basic  difficulty  that,  ^though  each  infonnation  element  is  de¬ 
signed  individudly,  its  impact  is  a  fimetion  of  how  it  influences,  and  is  b\fluenced  by,  all  of  tire 
o^er  infonnation  elements  (Robinson,  1952).  it  is  crucial  that  the  elenrents  work  together  as  a 
systematic  and  integrated  w  hole.  Even  if  careful  attention  has  been  paid  to  how  ea^  infonnation 
element  lias  been  embodied,  there  is  sUU  a  need  to  look  at  the  complete  chart  The  design  tools  in 
this  chaj^er  wiUaid  in  this  process. 

One  geneiat  comment  should  be  made  about  the  tools  described  in  Utis  chapter.  The  g^fidance 
infonnation  presented  to  this  point  concerning  the  various  design  tools  has  been  bas^  upon  a 
combination  of  experimental  data  and  accept^  design  practice.  In  many  respects,  the  guidance 
in  this  chapter  is  even  more  "squishy"  Hxm  wiiat  has  bwn  presented  to  this  point  The  infonna- 


must  be  addressed  because  of  its  intuitive  importance.  Robinson  (1952)  describes  the  value  of 
these  principles  when  he  writes  that  the  ovei^  visual  structure  of  a  chart  "is  a  complicated 
combination  of  the  application  of  the  priiudples  of  overall  shape/  balaivre/  proportion,  ard  tmity . 
These  general  prindples,  difficult  to  define  and  poorly  understood  scientifically,  enter  into  every 
visual  combination. . . .  Many  of  the  principles  have  b^  derived  by  empirical  [Le.  experiential] 
methods  through  many  centuries  of  work  by  artists  and  designers.  So  as  is  known  the  prin¬ 

dples  have  not  been  tested  in  specific  application  except  insofar  as  their  persistence  agamst 
competition  may  be  considered  testing.  Until  such  time  as  logic  and  objective  research  corxrem- 
ing  the  relative  effidency  of  the  various  possibilities  is  under^erv  the  cartographer  can  but  rely 
on  the  experience  atui  direction  of  the  artist"  (p.  70).  Although  written  some  40  years  ago, 
Robinson's  observations  remain  true  today  as  an  importarU  assessment  of  these  abstract  but 
important  prindples. 

To  aid  in  the  fiiud  look  at  the  overall  appearance  of  a  chart,  three  evaluative  tools  are  described  in 
this  chapter. 

•  Visual  balarvre 

«  Information  density 

•  Figure/ground  and  contrast 


72  VISUAL  BALANCE 

Visual  balance  refers  to  the  layout  of  information  elements  and  their  contribution  to  the  overall 
equilibrium  of  the  chart.  ''Every  layout  requires  stable  equilibrium  or  balance.  The  masses  must 
be  so  weighed  against  one  another  that  Urey  appear  to  have  settled  in  the  positions  they  occupy— 
to  belong  there  in  other  words.  No  unit  of  design  should  convey  to  the  eye  of  the  reader  the  idea 
that  it  is  struggling  to  go  somewhere  else  in  the  layout,  nor  should  the  layout  look  as  if  it  were 
tipping  over''  (De  Lopatecki,  dted  by  Robinson,  1952,  p.  71).  A  well-balanced  map  helps  the  map 
reader  to  attend  to  the  important  parts  of  the  map  and  does  not  encourage  the  eye  to  focus  on 
at\y  one  part  to  the  exclusion  of  otiier,  equally  important  parts.  An  unbalanced  map,  in  contrast, 
can  cause  the  eye  to  focus  repeatedly  otr  one  part,  nraking  it  difficult  for  the  eye  to  move  flexibly 
through  the  ch^ 

Balance  is  achieved  when  elements  are  appropriately  placed  with  respect  to  the  visual  center  of 
the  chart  Elements  must  be  positioned  so  as  to  be  visually  symmetric^  along  tire  left-right  and 
top-bottom  axes.  This  symmetiy  is  achieved  by  ensuring  that  the  visual  elements  along  each  axis 
nratch  in  terms  of  tlrdr  visual  weight.  The  metaphor  of  a  tcctci  -totter  is  typically  used  to  explain 
tire  concept  of  balance  (see  Bgure  7-1),  If  tire  tot^  visual  weight  on  oire  side  of  tire  page  is  greater 
than  tire  other  side,  tirechart  will  be  unbaianati. 

The  visual  focal  point  of  a  page  is  approxinrately  5%  above  its  actual  center.  Arouird  this  visual 
center  are  placed  the  individ^  information  elements  of  tire  cirart.  Although  balance  is  an 
inrportant  objective  of  graphic  design,  tirere  are  no  simple  rules  for  acirieving  it.  Visual  weight  is 
irot  a  function  of  element  size  alone.  Instead,  it  is  urfiuenced  by  a  variety  of  factors,  hrduding  an 
elenrarl's  location,  value,  brilliance,  aird  contrast  (see  Table  7>1).  Because  so  many  factors  are 
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Figure  7-1.  The  ‘teeter-totter”  metaphor  of  visual  balance. 


involved,  balance  must  be  achieved  on  the  basis  of  the  designer's  own  judgment,  which  is 
complicated  by  the  constraints  of  limited  chart  space  and  the  need  for  geographical  accuracy 

Blocks  of  text  must  also  be  assessed  as  to  how  they  affect  the  overall  balance  of  the  chart.  The 
amount  of  spacing  between  characters,  words,  and  lines  contributes  to  the  overall  "color"  of  the 
text  (West,  1990).  Inaeased  spacing  produces  a  lighter  text  color.  Consequently,  it  is  possible  to 
use  subtle  variations  in  spac^  to  a^eve  the  desired  text  "color"  which  will  contrilmte  to  the 
overall  balance  of  the  ch^ 

The  chart  should  be  balanced  along  both  the  vertical  and  horizontal  axes. 


INFORMATION  DENSITY 

One  of  the  biggest  concerns  of  the  chart  designer  is  the  problem  of  information  density  arrd  the 
accompanying  issue  of  clutter.  Since  the  amount  of  information  that  must  be  presented  on  a  chart 
is  not  under  the  designer's  control,  the  only  solution  is  to  find  ways  of  presenting  that  informa¬ 
tion  in  the  m(»t  manag^ble  way  possible.  Chapters  5  and?  reviewed  a  number  of  methods  for 
helping  the  chart  user  to  visually  orga^iize  tl\e  chart 

In  a  sense,  information  density  and  clutter  are  issues  rebting  to  the  "horizontal"  byout  of  the 
chart  the  ability  of  the  user  to  identity  the  various  pieces  that  comprise  the  chart  as  a  whole.  Ibis 
view  is  compafible  with  Castnerand  Eastman's  (1985;  also  see  Eastman,  1985a,  b)  approach  to 
the  issue  of  complexity.  For  them,  complexity  rebtes  to  the  ability  of  the  chart  us^  toconstmct  a 
"cognitive  inodel"  orirrrage  ol  the  drad  that  adequatdy  reflects  the  structme  of  the  chart  and  its 
dements. 

Mudt  of  the  guidance  information  provided  in  Chapters  4  and  6  attempts  to  deal  with  the 


Effect  cf  location: 


•  Elements  near  the  center  have  less  weight  than  those  farther  away  from  ttie  center. 

•  Objects  in  the  upper  part  are  heavier  than  objects  In  the  lower  part 

•  Objects  on  the  light  appear  heavier  than  objects  on  the  left 

•  Isolated  objects  appear  heavier  than  surrounded  objects. 

•  A  visually  heavy  shape  near  the  fulcrum  is  balanced  by  a  visually  lighter  but  larger  body 
farther  from  the  balance  point 

Effect  of  size: 

•  Large  objects  appear  heavier  than  small. 

Color  and  Brightness: 

•  Red  objects  appear  heavier  than  blue  objects. 

•  Bright  objects  appear  heavier  than  dark  objects. 

•  White  objects  appear  heavier  than  black  objects. 

•  Objects  that  attract  the  eye  <due  to  amount  of  detail  or  uniqueness)  appear  heavier 
than  non*atttractlng  objects. 

Shape: 

«  Regularly  shaped  objects  appear  heavier  than  inregutarly  shaped  objects. 

•  Ot^ects  of  cornpact  shape  appear  heavier  than  non-<»inpactot^ects. 

•  Squares  are  heavier  than  circles. 

Table  7-1.  Principles  of  balance  (adapted  from  Arnhelm.  1974). 


drait  design  to  review  the  design  and  evaluate  the  extent  to  which  the  chad  is  laki  out  in 
accordance  with  (he  original  organizational  logic.  In  effect  this  means  checking  that  appropriate 
elements  group  withea^  othet  mid  not  with  inappropriate  dements,  and  that  white  ^padng 
has  been  used  throughout  the  chart  to  embody  variations  in  the  hiemrchical  structure  to  whi^ 
the  elentente  belong,  Finahy,  it  means  chedking  the  ovemU  chart  for  areas  thatappear  to  be 
esfiedaUy  dutterod  or '1)usy.^ 


1  ^  JS  charts  use  a  variety  of  tools  for  visually  structuring  information  elements  into  meaningful 
clusters  or  groups  (see  Rgure  7-2).  At  the  highest  level,  boxes  are  used  as  bounding  tools,  in 
combir\ation  with  a  consistent  location,  to  define  predictable  sections  of  the  chart.  Within  each 
section,  grouping  tools  are  used  in  accordance  with  the  graphic  format  (topographical  layout, 
graphic  layout,  tabular  format,  textual  format)  used.  For  the  plan  aiul  airport  sketch  sections, 
symbols  are  used  to  group  information  dements  of  the  same  type  (e.g.  obstacles  versus  VOR- 
TACs).  Pointiirg  and  heading"  are  also  used  in  order  to  direct  the  eye  towards  related  informa¬ 
tion  dements  (the  final  approach  and  the  various  markers).  Finally,  the  requirement  for  geo¬ 
graphical  accuracy  serves  to  detennine  where  landmark  information  elements  are  to  be  placed. 

The  tabular  format  in  the  profile  and  airport  sketches  demonstrates  the  use  of  lines  to  bound 
information  elements.  Th^  bom\ding  lines  define  both  the  limits  of  the  table  aixi  the  cells 
within  the  table.  The  hierarchical  nature  of  the  table  supports  a  visual  structure  that  enables 
appropriate  grouping  of  related  information  elements  within  the  table.  To  differentiate  between 
the  two  sets  of  larking  minimums  presented  within  the  table,  size  coding  has  been  used,  with 
the  more  commonly  used  informatidn  presented  usmg  the  large  type  size. 

Ri'olly,  a  graphic  layout  is  tised  to  structure  the  profile  view.  Each  critical  segment  is  defined 
through  the  use  of  vertical  dashed  lines  which  also  aid  in  rebting  navigation  fixes  to  the  appro¬ 
priate  segment 

The  substantial  amount  of  information  presented  on  an  lAP  chart  requires  the  strategic  use  of 
those  tools  which  will  support  perceptual  grouping  of  related  infomiation.  In  evaluating  the 
success  of  a  chart  design,  tlte  cl^ty  of  the  grouping  procedures  which  have  been  used  should  be 
carefully  evaluated. 


Ensure  that  the  chart  adequately  conveys  grouping  relationships  that  produce 
meaningful  clusters  of  information  on  the  chart.  Also  make  sure  that  white 
spacing  is  used  throughout  the  chart  to  appropriately  specify  hierarchical 
relationships.  Finally,  check  for  areas  that  are  too  cluttered. 


7.4  FIGURE/GROUMO  AND  CONTRAST 

Figure/ g^xnmd  manipulation  by  means  of  contrast  serves  two  uses  br  chart  desiga  First,  it  can 
be  used  to  ensuns  tlrat  bnportant  biformation,  hr  effect,  pops  out  from  a  more  neutral  back¬ 
ground.  In  addition,  variab'ons  in  Uw  "strength"  of  figure/groimd  relations,  by  nreans  of  varia¬ 
tions  in  contrast,  can  be  used  to  order  infonnation  elements  Uut  belong  to  different  visual  layers 
but  must  be  located  dose  to  eodt  oUieron  tliedrart  (scetJiapter  5). 

Doting  the  final  review  of  ti\e  chart  dcsigit,  both  aspects  of  figure/ground  must  be  assessed. 
First,  it  is  Important  to  ensure  Uiat  all  uifomration  elements  possess  sufficient  contrast  to  be  easily 
discriminated  from  the  background  and  other  infomration  demerits. 


'  — ■“ — . . .  "  ’ — . . . .  1 

Ensure  that  all  information  elements  possess  sufficient  contrast  to  support  etisy  I 

discrimination  from  background  and  neighboring  elements. 
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Given  that  all  information  dexnents  are  sufiidenUy  legible,  the  next  step  is  to  check  that  varia¬ 
tions  in  contrast  between  elements  (especially  those  located  near,  or  on  top  of  each  otlier)  reflect 
the  organizational  logic  used  to  design  the  chart.  Chapter  5  described  the  method  of  layering  and 
how  it  can  be  used  to  specify  variations  in  hierarchical  level  corresponding  to  the  chart  logic.  If 
the  layering  approach  has  b^  used,  its  effectiveness  in  adequately  representing  hierarchical 
differences  visi^y  must  bedeteimined.  It  is  especially  important  to  make  sure  that  symbols  and 
letters  are  the  most  visually  dominant  elements  on  the  chart  (Dent,  1972). 


Ensure  that  variations  in  contrast  between  elements  are  sufficient  to  be 
detectable  and  are  accurate  in  reflecting  hierarchical  differences  among  those 
elements. 


The  designer  should  check  that  each  information  element  has  its  own  continuous  contour  that 
clearly  differentiates  it  horn  the  backgrouird  and  all  other  elements  (Wood,  1968).  If  two  elements 
share  the  same  contour,  flgure/ground  iirstabUity  may  occur.  Also  be  sure  that,  if  layers  are 
superimposed,  there  are  no  unexpected  masking  effects  due  to  sinrilarity,  proximity,  continuity, 
or  grouping  across  layers. 


Check  that  every  information  element  has  its  own  continuous  contour  and  that 
no  masking  due  to  similarity,  continuiiy,  or  grouping  has  occurred  across  layers. 


Finally,  and  perhapo  most  Important  of  all,  the  designer  slrould  make  sure  that  the  various 
design  tools  are  consistently  and  not  at  (.ross-^purposes  with  each  other.  Otherwise,  visual 

contradictions  can  ocxur  that  might  confuse  the  user. 


Check  Uiat  the  design  toots  have  been  used  consistently. 


IS  A IFIMAL  WORD  ON  USING  tHE  TOOL  BOX 


•lack  of  specific 

guldcUnes  on  how  to  design  a  pcitoptually  usable  lAP  dtort  lidierent  in  tIUs  appro^  Is  the 
objective  of  identifying  the  variety  of  tools  tiut  can  be  used  and  providing  some  guidance  on 
how  best  to  use  them  It  is  then  Uie  task  of  Ute  designer  to  take  this  information  determine 

how  to  apply  it  to  a  spocifk  dmt 


pcdenlialty  new  ways  Of  desigiung  charts,  U  is  also  possible  to  come  away  vvlth  a  sense  of  fmstra- 


that  this  hustration  is  shared  by  others  For  example,  the  respected  catiogra|dter,  George  fenks 
suggests  a  rdatkmship  between  diartde^giia.itd  aw.  nan  called  F^mdora;  "...i  would  remind 
you  of  lire  mythical  woman.  Pandora.  \%en  we  started  on  this  seaich  we  ihouglu  that  |^es  of 
the  map  reading  puzzle  ndght  fall  into  place  quite  readily.  Instead  tlie  ills,  woes,  and  trouWes  of 

i  us  Simple  dot  maps  iv)  longer  seem 
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^ple  Ancillary  infonnation,  often  placei  in  the  periphery  of  a  map,  seems  to  distract  the 
reader  and  apparently  distorts  the  message  of  the  map.  Symbolization  practices  such  as  the  use 
of  an  inSnite  number  of  proportional  circles  instead  of  a  classed  set  seem  to  waste  the  designer's 
and  reader's  time.  The  location  of  titles,  legends,  and  map  scales  no  longer  seems  to  be  just  a 
matter  of  balance  but  becomes  of  major  importance  in  directing  the  map  reading  task.  These  are 
but  a  fevi'  of  the  dogmas  of  thematic  map  design  that  seem  to  be  threatened  as  we  continue  to 
explore  the  unknown  areas  of  map  communication"  (Jenks,  1973,  dted  by  Steinke,  1987,  p.  57). 
What  would  appear  to  be  simple  grows  in  complexity  as  awareness  of  the  number  and  impor- 
tarce  of  variables  grows. 

When  coping  with  complex  issues,  it  is  not  uncommon  to  assume  that  all  of  the  problems  and 
confusions  will  disappear  with  additional  research.  As  Jenks*  quote  suggests,  however,  the 
solution  is  not  that  .simple.  Although  research  has  provided  us  vrith  glimpses  as  to  how  charts 
should  be  designed,  the  complaint  can  be  made  that  we  liave  not  learned  very  much  as  a  result 
of  a  good  deal  of  time  and  effort.  There  are  at  least  three  reasons  that  explain  why  this  is  the  case. 
First,  the  number  of  variables  that  must  be  tested,  both  alone  and  in  combination,  is  enormous. 
This  chapter  began  with  the  observation  tl^t  each  information  element  impacts,  and  is  impacted 
by,  evay  other  information  element  Consequently,  small  gains  in  understanding  will  come 
slowly. 

In  addition,  the  effects  on  perfonnarKe  of  these  variables  is  likely  to  be  small  and  we  may  not 
have  sirffidently  sensitive  tools  for  measuring  their  effect  on  performance.  As  a  result,  we  may  be 
unable  to  achieve  an  adequate  view  of  how  these  variables  impact  chart  use.  However,  even 
though  their  impact  is  snuJl,  this  does  not  mean  that  they  can  be  ignored.  Each  variable,  alone, 
may  make  only  a  small  difference  but,  together,  their  effect  on  performance  could  be  substantial. 
Urrfortunately,  we  don't  know  how. 

These  concerns  are  not  corrstrained  to  chart  desigix  Typographers  (Macdonald-Ross  &  Waller, 
1975)  and  instructional  software  user-interface  designers  (Grablnger,  1989)  have  expressed 
similar  feelings.  For  example,  Grabinger  argues  that  saeen  design  manipulations  are  relatively 
minor,  as  compared  to  other  aspects  of  the  instructional  setting,  yet  researchers  are  surprised 
when  large  influences  on  performance  are  not  found.  His  conclusion  is  metaphoric  but  appropri¬ 
ate:  "We  have  broken  the  4:00  minute  mile.  The  improvements  now  come  not  in  whole  seconds, 
but  in  tenths  of  a  second.  We  must  design  our  research  in  such  a  way.  We  must  look  for  t]\e  little 
things  that  make  a  difference  in  hopes  that  when  we  put  a  lot  of  little  things  together  we  will 
bump  another  tenth  of  a  second  off  the  dock"  (p.  182).  The  same  logic  appears  to  be  appropriate 
for  chart  research  as  well. 

Also,  it  may  be  necessary  to  consider  alteniative  ways  of  doing  research.  Traditioiially,  research¬ 
ers  look  at  the  effects  of  one  or  a  few  variables  on  pt;rformance.  Painstaking  control  of  each 
variable,  it  is  ar  gued,  alio  ws  greater  understanding  of  the  effect  of  that  variable  on  performance. 
It  may  be  useful,  however,  to  'omplement  tins  miao  approadt  with  a  nwlar  approach  that 
involves  developing  alternative  versions  of  a  chart  and  evaluating  them  as  a  whole.  Altlwugh 
this  holistic  approach  will  probably  not  contribute  to  the  identiftcation  of  speciftc  guidelines  for 
designing  various  t}'pes  of  infomratlon  elements,  it  may  provide  a  more  effident  way  of  produc¬ 
ing  usable  charts. 


Hnally,  it  is  important  to  remember  that  chart  reading  is  a  cognitive  task  as  well  as  a  perceptual 
one.  llns  Handbook  has  attempted  to  address  the  range  of  perceptual  issues  that  influence  dtart 
reading.  It  has  not,  however,  looked  at  the  cognitive  aspects.  This  is  a  ^p  that  clearly  needs  to  be 
addre^ed.  Treatmg  perceptual  functioning  as  separate  horn  cognitive  functioning  is  a  question- 
able  activity  in  that  there  is  hard  no  bound^  th^  clearly  separates  the  two  activities. 

Take,  for  example,  the  pocess  of  visual  search.  A  large  proportion  of  the  words  written  in  this 
Handbook  attempt  to  describe  how  lAP  charts  can  be  designed  to  better  sirpport  the  search 
process.  Unfortunately,  visual  search  is  heavily  influervced  by  the  chart  user's  expectadorrs  and 
famUiarity  with  charts,  as  wdl  as  his/her  eq^erience  with  the  geographical  location  represented 
in  the  ch^  It  is  all  well  arid  good  to  talk  about  how  to  support  perceptual  grouping  and  dis- 
aiminability  of  symbols  but  to  say  something  truly  meaningful  means  considering  how  the  user 
makes  sense  of  the  spatial  arrangement  of  symbols  and  the  locational  meaning  implied  in  them 
(Guelke,  1979).  Petchenik  (1977)  shares  the  concern  that  cognitive  aspects  of  chart  use  must  be 
consido'&i:  '^/hile  cartographic  r^archers  have  concentrated  on  the  perception  of  individual 
map  symbols  or  on  limited  comparisons  among  symbols,  the  problem  of  map  reading  extends 
far  beyond  such  concerns.  But  the  notion  of  map  reading  itself  has  not  yet  received  as  much 
attention  as  it  should  have.  The  real  problem  is  this:  How  does  a  map  user  develop  internal, 
personal  knowledge  of  relations  among  things  in  space  on  the  basis  of  viewing  a  sheet  of  paper 
covered  with  ink  marks?  How,  in  conunon  i^guage,  does  one  read  a  map?"  (p.  118). 

Qearly,  it  is  important  to  address  the  "cognitive"  issues  of  chart  use,  such  as  how  users  make 
sense  of  charts,  how  Urey  nratdr  chart  Urfoi  malion  to  Ure  iirformation  they  see  outside  the  cockpit 
window,  and  how  the  iravigalion  process  works.  Even  a  little  understanding  of  how  the  user 
cogniUvely  utilizes  a  chart  is  likely  to  have  a  substantial  impact  on  chart  design,  induding  Ure  so- 
called  perceptual  aspects. 

It  is  hoped  that  Uie  design  infomraUon  offered  in  this  Handbe-ok  will  prove  to  be  of  value  in  ^ 

improving  drart  design,  even  Uiough  it  certainly  will  not  Ure  last  word  on  how  to  design  lAP 

charts.  But  given  the  limitations  in  cur  understanding  of  Uie  chart  user,  one  final  recommenda¬ 
tion  should  always  be  kept  in  nhnd: 


Each  chart  design  ultimately  stiould  be  iiXperimentally  tested  to  determine  its 
real  effectiveness  in  supporting  perceptual  Interaction  with  it  by  the  user. 
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a  THE  DESIGN  PRINCIPLES 


Z  DISPLAY  IMAGE  QUAUTY 

25  Spatial  Vision 

25.1  Resouhiom  (Paper,  CRT,  LCD) 

Resolution  on  CRT  or  LCD  screens  should  be  as  high  as  achievable  for 
electronic  media  up  tiie  standard  used  for  paper.  For  the  unaided  obsenrer,  the 
critical  test  is  whether  the  sizes  of  alphanumeric  characters  and  symbols  that 
are  actually  used  Is  sufficient  to  compensate  for  the  lower  resolution  level 
available  for  the  selected  displays.  For  paper,  an  effective  resolution  of  300  dpi 
(print  quali^  of  600  dpi)  has  proven  to  be  acceptable. 


255  ljJUNAiicE((^T,LCD} 


Manual  controls,  either  in  conjunction  with  or  independent  of  automatic  controls, 
s^iouid  be  made  available  to  the  user  to  vary  mean  screen  iumlnanco.  The 
itppropriate  screen  luminance  range  will  be  dependent  upon  the  contrast  ratio 
and  size  of  displayed  symbology,  hence  a  minimum  value  cannot  be  specified. 
However,  a  rat^e  of  0.1  to  200  /L  has  been  suggested.  For  the  unaided 
obsenrer.  the  range  of  available  luminance  tevets  should  sufficient  to  handle 
c  5)0  range  of  ambient  lighting  conditions  likely  to  be  found  in  the  cockpit 
environment.  Sufficient  luminance  and^of  chromatic  difference  should  always 
be  available  to  support  discrim^on  between  all  symbols,  characters,  and 
backgipunciSi''- 


255  iwmjuics  Coimfusr  lUfio  (Pwpi^  CRT,  LCD) 


Rssr  CRTs  and  LCDs,  a  mktlmum  luminance  contrast  ratio  «f  20:1  for  direct 
and  10:1  for  alt  other  viewing  situations  Is  desirable.  For  segmented 
ctisplays,  the  contrast  ratio  should  be  2:1  for  activated  segments  and  1.10:1  for 
unactivated  segments,  for  the  unaided  obsenrer,  the  display  should  be 


for  paper  displays.  lAP  charts  slioutd  be  printed  with  suffident  contrast 
between  the  characters  and  ti^  b^^ound  that  they  are  easily  read  In  all 
viewing  situatkms.  \ 
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2^.4  Luhmance  UtURxoaTY  (CRT,  LCD) 


For  the  unaided  observer,  non-unifonnities  in  brightness  or  coior  on  CRT  or 
LCD  displays  shall  not  be  present  When  varying  the  iuminance  of  the  display 
from  ntinimum  to  maximum,  the  relative  iuminance  of  all  characters,  symbols, 
and  backgrounds  should  be  visually  constant  Employing  photometric 
tochniques,  a  large  area  non-uniformity  of  less  than  20%  is  acceptable.  For 
iuminance  variations  within  half  a  degree  of  arc,  50%  or  less  is  acceptable. 


2,53  CoNnuwrOnEcmoN/CkMTRASTPoLiuuTV  (Paper,  CRT,  LCD) 

For  ClT  and  LCD  formats,  positive  polarity  is  probably  preferred  because  of 
the  unique  information  format  requirements  of  iAP  charts. 


Contra£^  direction,  on  paper,  should  be  dark  symbols  on  a  light  background. 


23,6  Convergence  AND  FOCUS  (CRT) 

For  tfie  unaided  observer,  lines,  symbols,  and  characters  should  have  no  tails, 
squiggles,  skews,  gaps  or  bright  spots.  Line  color  should  be  obvious.  Employ!]^ 
photometric  measurements,  misconvergence  should  not  be  greater  than  0.7 
milliradians. 


23.7  SvuBOL  Augniient  (CRT,  LCD) 

To  the  unaided  observer  of  a  CRT  or  LCD,  symbols  whldr  should  be  aligned 
either  horizontally  or  vertically  should  appear  so  aligned.  Employing  photometric 
techniques,  symbol  alignment  should  be  within  02  Inches. 


233  0£PCCI»AII>|jNEFAIilRES(CR1) 

Any  defects  In  the  display  should  not  be  distracting  or  cause  information 
misreading.  Row  or  column  taiUues  should  be  improbable  occurrences. 


233  ibrn-AiustNO  AW  Shades  cvGmvCC^T,  LCD) 

Lines  and  characters  presented  on  CRTs  or  LCDs  should  appear  smooth^ 
written  and  contain  no  unwanted  jagged  edges.  Special  attentlcn  slioutd  be 
paid  to  aegted  lines  drawn  on  LCDs,  which  are  the  most  difficult  to  anti-alias. 
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A  minimum  of  15  gray  levels  is  likely  to  be  required  for  near-term  lAP  chart 
electronic  displays. 


2.5.9  VewmoAnql£(CRT,LCD) 

Current  aerospace  recommendations  require  a  viewing  angle  of  53  degrees  in 
the  left  and  right  direction,  35  degrees  above,  and  0  degrees  below  a  plane 
perpendicular  to  the  screen  face.  However,  display  location  and  additional  crew 
member  viewing  may  require  different  specifications.  Special  attention  should 
be  paid  to  the  viewing  angle  characteristics  of  any  proposed  LCD  iAP  chart 


2.6  Temporal  Vision 

2.6.1  Ricker  and  Refresh  Raie  (CRT,  LCD) 

For  the  unaided  observer  of  a  CRT  or  LCD,  there  should  be  no  undesired  rapid 
temporal  variation  in  display  luminance  for  a  symbol  or  display  field.  For  CRTs, 
a  refresh  rate  of  50  -  60  Hz  is  generally  acceptable.  For  LCDs,  a  frame  rate  of 
30  Hz  may  be  acceptable. 


2J52  JrnER(CRT,LCO) 

For  the  unaided  obsenrer,  a  static  CRT  or  LCD  display  should  contain  no 
discernible  jitter.  Employing  photometric  techniques,  image  jitter  should  be 
within  03  mliliradians  p^-toiseak. 


Z7  CHROiuiicVtSiON(CRT,LCD} 

Any  use  of  color  in  electronic  IAP  chatts  should  be  adequately  tested  In  flight 
situations  with  a  representative  sample  of  pilots.  As  a  guideline  for  the  design  of 
such  devices,  ARP  4032  should  be  consulted. 


There  should  be  sufficient  chiomaticify  unHomtily  to  ensure  adequate 
Inteipretation  of  inforination. 


4.  ORIENTING  WtTHlR  THE  IAP  CHART 
A2  11m  Visual  Strocture  Of  an  IAP  Chart 
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Before  beginning  the  design  process,  prepare  a  hierarchicai  organization  that 
specifies  the  categories  of  information  that  will  be  used  and  the  elements  that 
belong  to  each  category.  Define  the  categories  on  the  basis  of  the  types  of 
relationships  to  be  emphasized  in  the  design. 


43  Speclfyli^  Parts 

43.1  DtSTwcmvE  Visual  Appearance 

Preserve  the  unique  appearance  of  each  major  section  of  the  chart. 


432  Standard  Location 

Whenever  possible,  design  the  chart  to  have  standard  locations  for  categories 
of  information  and.  when  possible,  for  individual  information  elements. 


433  lyteTHoosRjROEFiNiNQ  Boundaries 

Use  a  bounding  tool  to  define  parts  of  a  chart.  Boxes  provide  the  strongest 
method  for  visually  bounding  a  space.  Lines  are  a  more  subtle  method  that  is 
e^edatiy  useful  for  defining  lower-level  boundaries  such  as  between  elements 
in  a  table.  To  avoid  further  cluttering  a  chart  that  already  possesses  a  large 
number  of  line  elpments.  white  space  can  be  used. 


4A  Specifying  Relationships 

4.4.1  Same  Hcrarchical  Leva,  Same  Location 

Proximity  provides  a  str  cng  visual  cue  for  shared  category  membership. 


Toots  such  as  standard  location  and  boundaries  can  be  used  to  specify  rotated 
information  if  the  informa^on  elements  that  possess  the  shared  property  can  be 
physically  located  near  each  other. 


4w42  SAMeH£RARCNICALl.£VEL«l)fP£RENrL^ 


Conceptual  grouping  of  information  elements  can  be  encouraged  by  assigning 
a  common  visual  property  (color,  texture,  shape,  size)  to  members  of  that 
gro^pi. 
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The  method  of  "pointing”  offers  a  usefui  tooi  for  guiding  the  eye  from  one  reiated 
item  to  another  while  avoiding  the  clutter  that  can  occur  from  the  use  of  lines 
and  other  direct  connecting  methods.  If  pointing  is  used,  make  sure  that  the 
path  specified  the  originating  element  will  move  the  eye  to  the  intended 
ta^et  element  Also,  make  sure  ^t  unintended  pointing  is  avoided. 


"Leading”  t)e  eye  from  one  information  element  to  another  by  means  of  lines  or 
arrows  provides  the  strongest  means  for  relating  similar  elements,  it  should  be 
used  sparingly,  however,  to  avoid  clutter. 


4.4.3  Different  Levels,  Same  Location 

Use  variations  in  the  sharpness  of  edges  to  define  multiple  information  element 
layers. 


Variation  in  brightness  contrast  is  a  useful  tool  for  differentiating  between  items 
from  different  layers.  For  monochromatic  charts,  information  elements  on  the 
higher  levels  should  be  darker  than  elements  on  the  lower  layers.  If  color  is 
used,  brighter  colois  should  be  used  for  the  higher  layers. 


If  mult^te  patterns  that  are  equally  bright  but  vary  in  coarseness  of  texture  and 
size  of  dot  are  superimposed  on  each  other,  the  coarser  texture  should  be 
positioned  on  the  highest  layer. 


The  amount  of  detail  provided  on  a  symbol  can  be  used  to  vary  contrast. 
Detaiied  symbols  tend  to  stand  out  as  figure  against  less  detailed  symbols. 


Varying  line  weight  is  an  effective  too)  for  signifying  variations  in  layers  if  care  is 
taken  to  ensure  that  the  tightest  weight  provides  sufficient  visual  contrast  to  be 
legible. 


variations  in  line  character  can  be  useful  for  differentiating  element  layers  using 
Unas  used  to  construct  their  own  f^ures. 


Use  discretion  Hi  ^e  number  of  layers,  texture  patterns,  tine  weights,  and  line 
characters  that  are  used.  Too  many  may  be  worse  than  too  few. 
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Interposition  provides  a  strong  cue  that  one  element  is  located  in  a  layer  that  is 
different  frorr!:  another  element  Care  should  be  taken  in  using  this  tool  to  ensure 
that  the  par^y  hidden  element  is  still  recognizable  and  the  shape  of  its  hidden 
parts  predictable. 


4.4.4  OiTEREtir  Levels,  OrFERENr  Locations 

Variations  in  relative  size  can  be  made  to  ensure  that  important  elements  are 
more  likely  to  be  seen.  This  should  not  be  done  at  the  expense  of  decreasing 
the  tegibilify  of  less  important  Itetins. 


S.  SEARCH  LEGIBILITY 
53  Font  Chamcteristic  Tools 
53.1  Tvthef&oe 

Use  a  familiar  typeface  that  is  dean  and  simple,  avoiding  unnecessary 
flourishes.  Use  of  sans  serif  typefaces  may  be  more  appropriate  than  serif 
typefaces  due  to  potentially  poor  lighting  conditions  In  the  cockpit  and  to  avoid 
probtaiRS  in  printing  or  dis^ying  typefaces  with  hairline  stroke  widths. 


533  FontSoe 

tocreasing  the  size  of  type  improves  search  performance  tor  cfitical  information 
at  least  up  to  the  level  of  12  point  type  or  approximately  20  minutes  of  visual 
angle,  it  is  not  yet  known  whether  increasing  type  size  beyond  this  level  will 
im^ove  performance  but  them  is  some  evidence  to  suggest  that  this  is  the 
sniaiiast  size  that  should  be  used  for  changing  but  non-critical  information. 
Critical  Information  should  probably  be  presented  using  a  larger  type  size,  such 
as  14  poita  on  paper  or  30  minutes  for  electronic  displays. 


533  twiEniCE  Space  Econoiiv 

When  choosing  between  typefaces,  select  the  typetace  that  allows  more 
characters  perifne. 

534  Tvpc  Proportions 

Ihe  standard  r^[iDkB404Teight  ratio  for  typefaces  used  with  paper  is  1 :10. 
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For  electronic  media,  stroke  widths  of  between  1 :6  and  1 :8  are  recommended. 


Avoid  using  a  typeface  that  has  large  variations  in  stroke  width. 


The  type  weight  used  should  support  contrast  between  type  and  its  background 
that  is  sufficient  to  allow  accurate  and  efficient  recognition  of  the  information. 

When  choosing  between  typefaces,  use  the  typeface  with  the  higher  x-height 

5,35  Inomouai.  Character  Coteust^ 

Ensure  that  all  typeface  characters  are  easily  discriminable. 


Avoid  using  a  typetece  that  includes  unusual  letter  shapes. 


555  TvpeCase 


Available  research  data  suggests  that  upper/lowercase  letter  combinations  are 
read  more  quickly  and  support  more  efficient  search  for  names  on  a  map  than 
upper>case  letters  used  without  (ower-case  letters. 


55.7  iHIER-OHARACSERSMCSiO 

Spacing  between  characters  within  a  word  should  be  at  least  10  to  15%  but 
j^ouid  be  assessed  visually  to  ensure  that  the  spacing  looks  consistent  for  all 
(xrmbinations  of  word  characters. 


Use  one  character  space  to  separate  words. 


555  Leadmo 


The  spadng  between  bottom  of  descenders  on  one  tine  and  the  top  of 
ascenders  on  the  next  line  should  be  approximately  15%  of  character  height 
The  spacing  should  be  ubually  assessed  to  ensure  that  it  looks  consistent 


146 


5^  RcfrATCoTvK 


Whenever  possible,  avoid  presenting  text  in  a  non-horizontal  orientation. 

5,3.10  TvPE/Bi^QmuioCoNniAST 

DiscriminabiliV  of  alphanumeric  symbols  which  must  be  located  on  a  patterned 
background  may  be  improved  by  presenting  that  Information  in  a  box  which  has 
a  non-pattemed  background. 

54  Symbol  Characteristics  Tools 

5.4.1  SviiBQL  Snaps 

Simple,  familiar  symbol  shapes  should  be  used  whenever  possible. 

Ensure  that  each  geometric  shape  Is  maximaliy  distinctive  by  utilizing  that 
shape's  defining  dimension. 

Symbols  should  be  designed  to  have  distinctive  global  shapes. 

Use  a  strong  outline  contour  to  define  each  symbol  in  accordance  with  its 
relative  position  within  the  visual  structure  of  the  chart 

Avoid  using  detailed  local  structure  to  define  symbols.  Instead,  symbols  should 
be  disedmirobia  on  the  basis  of  their  global  shape. 

Use  filled  syinbols  rather  than  open  synfU^ 

Ensure  that  each  symbol  stands  out  as  a  strong  figure  against  all  bad(ground 
p^tems  and  elements. 

54.2  $vittoiS&£ 
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When  making  decisions  about  symbol  size,  consider  all  of  the  factors  that 
impsict  symbol  effectiveness,  induding  legibility  requirements,  role  and  position 
of  eadi  symbol  within  the  visual  structure  of  the  chart,  apparent  visual  size,  and 
^sace  constraints. 


5.43  Syubqu  and  Color 

Color,  used  solely  as  a  means  of  adding  realism  or  attractiveness  to  symbols, 
should  be  avoided 


5  A4  AcHEVMQ  SVIIBOL  LEGtSIUTV 

tf  a  symbol  that  has  been  used  on  paper  charts  is  to  be  transferred  to  the 
electronic  medium,  be  sure  to  determine  if  suffident  resolution  is  available  to 
support  the  symbol.  Otherwise  the  symbol  may  have  to  be  modified  to  take  into 
account  the  reduced  resolution  of  the  electronic  display. 


e.  SEARCH  AND  PERIPHERAL  VISiON 
63  Information  Highlighting  Tools 
63.1  HONUMmNOTNfUUGH  BrUGHTIESS 

Under  good  viewing  renditions,  highlighting  through  br^htness  Is  both  effective 
and  not  annoying  to  the  user.  However,  its  effectiveness  Is  reduced  under  high 
ambient  illumination  levels,  on  low  contrast  displays,  and  when  the  highlighted 
elements  are  small 


633  HiOitKyfnMaTHnourwBoLOMO 

Bolding  of  important  names  does  not  appear  to  improve  performance  and 
should  be  avoided  as  it  may  contribute  to  dtart  dutter. 


633  HoMJctmNaTHROUCMltevE^ 

Hevetse  video  is  an  effective  means  ot  attracting  ttie  user's  attention  but  it  can 
reduce  the  legibility  ot  highlighted  information.  In  addition,  it  may  distract  the  eye 
when  the  target  infonnation  is  not  highlighted. 


6^4  JilQHUOHTMa  Througm  Bunkinq 


Highlighting  through  blinking  should  only  be  used  to  inform  the  user  of  a  critical 
situation.  For  this  reason,  its  use  on  iAP  charts  is  probably  not  appropriate. 


6Jt5  Hiohuokiwo  Through  Unoerun^ 

Undertining  is  not  a  strong  attention-getter  but  it  may  have  limited  utility  as  a 
way  of  highlighting  a  small  amount  of  information  that  is  located  with  other 
infonm^on  in  a  restricted  space. 


6^  t-SiGMjQKnNa  Through  Boxinq 


The  relative  benefits  of  highlighting  through  boxing  are  not  dear.  If  boxing  is 
used,  be  sure  to  use  a  box  that  is  sufficientiy  large  to  support  legibility  of  the 
information  located  within  the  box. 


&2J  LHnATKMSOFHtCMUGhnNO 

Atthough  highlighting  can  improve  search  efficiency  for  highlighted  information, 
it  may  reduce  efficiency  for  non-hlghlighted  tnfonriatlon.  When  dedding  whether 
to  use  highlighting,  strong  consideration  must  be  given  to  possible  negative 
ocnsequences  that  can  arise  through  the  use  of  highiighting. 


tf  the  decision  is  made  to  use  highlighting,  It  should  be  used  con38rv^veiy.and 
appropriateiy,  br  Keeping  with  the  information  needs  of  the  user. 

BJ)  ^(oimmyn  Coding  Tools 
6J3*1  CormHCtfinitfi 

Use  color  cmiy  it  the  display  segmentation  required  by  each  task  corresponds  to 
the  segmentation  erumaged  by  the  application  d 


Color  coding,  used  redundantly  with  another  form  of  coding  such  as  shape, 
improves  performance  when  the  task  requires  search,  its  use  may  improve  the 
perforfnance  of  users  searching  for  irdrmnatlon  elernents  located  in  the  plan 
sedion  of  the  chart 
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Use  of  oolofs  that  are  easily  distinguishable  can  support  nearly  parallel 
processing  of  color. 


The  improvement  in  performance  due  to  the  use  of  color  coding  decreases  as 
the  number  of  items  that  share  the  same,  target  color  increases.  Performance  is 
less  affected  by  variations  in  the  number  of  Items  with  non-target  colors. 


Visual  searcii  times  increase  as  the  number  of  colors  used  increases. 


Restrict  the  number  of  colors  used  to  less  than  eight  or  nine  if  the  user  must 
remember  what  the  colors  mean. 


if  the  color  is  known  in  advance,  performance  will  Improve  with  the  use  of  color. 
H  the  color  is  not  known,  perfonnanca  is  woi^  than  with  no  color. 


If  search  for  non-coiored  items  is  lequired  on  a  display  wliere  color  is  used, 
perfonnance  will  be  reduced. 


Color  oodina  of  a  siTHite  Item  reduces  the  to  needed  to  locate  ^ 


Color  coding  can  impmvQ  search  tintes  for  nanuis  presented  on  m^  if  the 
userkrtows  the  coiorto  look  for. 


Color  is  an  effective  toot  for  supporting  map  users*  at^itles  to  judge  relative 
heights  and  visualize  tfie  terrain.  Monochromatic  coding  methods,  however, 
may  be  justase^ective. 


A  better  understanding  of  the  lAP  chart  user^  needs  should  be  obtained  before 
choosing  a  ihethod  for  embodying  to  suito  height  ^onn^^ 


If  color  is  used,  take  into  consideration  these  problems  of  color  use  when 
selecting  colors  and  always  use  color  redundantly  with  other  coding  schemes, 
such  as  shape. 


When  selecting  colors,  take  into  account  the  range  of  ambient  Illumination 
levels  that  will  occur,  the  limitations  of  the  system  used  to  generate  the  colors, 
the  sizes  of  the  areas  to  which  the  colors  will  be  applied,  and  unexpected 
effects  due  to  presenting  combinations  of  colors. 


Use  a  color  coding  scheme  that  Is  consistent  with  otiier  displays  in  the  cockpit 


6<3J  ShapeCodmo 


Shape  is  a  necessary  coding  method  in  the  lAP  chart  situation  and  should 
always  be  used  redundantiy  if  other  coding  methods  are  employed. 


tnfonRatlon  Bounding  Tools 
6A1  RESUONOTHEAiioutn’OPSpAOEToBeSsM^^ 

Providing  an  organizational  structure  to  help  the  chart  user  orient,  combined 
wiUi  control  over  the  density  of  symbols  in  arty  one  part  of  the  chart  will 
contribute  to  efficient  visual  search. 


BASH  lurcisiAnottGkxMOittiuctHeUsEorCotj^^ 


Seart^  pedoimanca  appears  to  be  faster  (or  items  arranged  in  columns  rather 
ihan  rows. 


Column  sizes  of  five  degrees  or  less  appear  to  support  the  most  effective 
search. 


Graphic  txmrdaries  don't  appear  to  afiea  performance  either  positively  or 
n^jaiively.  U  may  be  premsoure  to  discard  the  graphic  tines,  however. 


It  would  appear  that  search  for  information  stored  in  tabes  is  not  aided  by 
increasing  the  spacing  between  table  elements. 
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6.4  J  NEOUCMQ  INTSHtEU  bnERFERENCS 

Place  names  in  an  open  area,  away  from  all  other  names.  This  is  especially 
important  when  the  names  share  the  same  first  fetter. 


Position  labels  either  slightly  above  or  slightly  below,  or  to  the  left  or  right  of, 
their  corresponding  symbols  so  as  to  avoid  placing  the  label  along  the  same 
horizont^  or  vertical  axis  as  its  symbol. 


The  amount  of  space  between  the  symbol  and  the  label  depends  upon  the 
sizes  of  the  type  and  symbol.  The  larger  the  type  and  symbol,  the  greater  the 
distance  that  should  be  used  bebveen  ttiem. 


6.4.S  iNIKiaMATrON  OENStrV  ISSASURES 


7.  EVALUATING  THE  USE  OF  THE  DESIGN  TOOLS 
7JS  Visual  Balance 

The  chart  should  be  balanced  along  both  the  vertical  and  horizontal  axes. 


7,3  Infomiatlon  Density 

Ensure  that  the  chart  adequately  conveys  grouping  relationships  that  produce 
meaningful  clusters  of  information  on  the  chart.  Also  make  sure  that  white 
spacing  is  used  throughout  the  chart  to  appropriately  specify  hierarchical 
relatior^ips.  Finally,  check  for  areas  that  are  too  cluttered. 


74  Flgure/Ground  and  Contrast 

Ensure  that  all  information  elements  possess  sufficient  contrast  to  support  easy 
discrimination  from  background  and  neighboring  elements. 


Ensure  that  variations  In  contrast  between  elements  are  sufficient  to  bT 
detectable  and  are  accurate  in  reflecting  hierarchical  differences  among  those 
elements. 


1J2 


Check  that  every  information  element  has  its  own  continuous  contour  and  that 
no  masking  due  to  similarity,  continui^,  or  grouping  has  occurred  across  layers. 


Check  that  the  design  tools  have  been  used  consistently. 

IS  A  Pnal  Word  on  Using  the  Tool  Box 

Eat^  chart  design  ultimately  should  be  experimentally  tested  to  determine  its 
real  effectiveness  In  supporting  perceptual  Interaction  with  it  by  the  user. 
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